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ABSTRACT 
Water is a basic requirement for integrated development of an area. 
Rapid growth in population, agriculture and industrialization has 
multiplied the demand for water and as a consequence our water resources 
are fast getting depleted and a large part of the country is coming under 
the category of drought prone regions Although, water is a renewable 
natural resource but its usage needs to be managed well to conserve 
sustainability. This is particularly important in respect of groundwater, 
which if over exploited may lead to disaster Groundwater has a definite 
role to play in view of tremendous potential in its significant contributions 
towards a timely and assured water supply. A large population in rural 
areas depends on groundwater. Nearly 50 percent of the total irrigation 
potential comes from the use of groundwater. It is therefore essential to 
control and manage the groundwater available in a scientific manner. 
Ganga plain, no doubt has been the place most suitable for the 
developmental activities and industrialization but unfortunately the pace 
and optimum utilization of the water resources have not been satisfying 
and so far not enough attention has been paid to study the Ganga basin. 
The aim of the present study is to take stock of hydrogeological 
investigations of the Ganga-Kali sub-basin, a part of Ganga basin; in order 
to meet the increased demand and to provide safe drinking water. In the 
present study the precise evaluation and scientific development of existing 
groundwater resources have been made. The data generated were 
systematized and analyzed to project the ultimate dependability of 
groundwater resources in the area of investigation. 
The river basins, sub-basins or a part of it forms a logical unit for 
hydrogeological investigations. Accordingly, the study area, which is a 
part of the Ganga-Kali sub-basin and is bounded by two hydroboundaries 
i.e the river Ganga in the northeast and river Kali in the southwest forms a 
natural hydrogeological unit. Moreover, the area is beset with two extreme 
hydrogeological conditions i.e. on the one hand a water logging situation 
and on the other a declining trend of water tables. Therefore it was 
selected as an ideal area for the present investigation. 
The area under study lies between the latitude 27° 33' to 27° 53' N 
and longitude 78° 48' to 79° 11' E, which covers an area of 1106 km^and 
falls in the Survey of India Toposheet No 541/13, 541/14, 54M/1 and 
54M/2. 
In the present investigation, the author has attempted to depict a 
comprehensive and balanced picture of the aquifer system, their dimensions 
and transmission characteristics. Moreover, occurrence, movements, 
behaviors of water level fluctuation in time and space were also studied. 
An attempt has also been made to assess the groundwater resource 
potential of the basin in terms of quality and quantity Accordingly stage 
of groundwater development and scope for future development was also 
determined. The water quality was studied in detail and various 
groundwater facies were established 
For the above purpose, intensive field work was undertaken Various 
land form features in the Ganga-Kali sub basin were studied with the help 
of satellite imageries and accordingly the study area was divided into three 
physiographic units viz, low valley of the Ganga, Eastern upland and 
Aliganj p|iin. In all 188 observations wells were established throughout the 
area at equal spacing and monitoring of water levels were carried out 
during pre (June 1996 & 1997) and post monsoon (Nov., 1996 & 1997) 
periods 
Besides the open wells, a large number of shallow and deep 
tubewells were inventoried and relevant hydrogeological data were 
collected. Further, lithological logs of deep tubewells were also collected 
and utilized to construct the fence diagram and various hydrogeological 
cross sections. The sand samples from various drilling sites and also from 
the beds of Ganga and Kali river were collected These samples were 
mechanically analyzed and data obtained were plotted on the grading 
curve, and various parameters like effective grain size, sorting coefficient 
and hydraulic conductivity were determined Pumping test data were 
utilized to determine the aquifer parameters Water samples were collected 
from open wells, shallow and deep tubewells and also from surface water 
bodies such as rivers and canals, and were chemically analyzed. 
Accordingly various water quality maps and diagrams (Na % Vs Ec) USSL 
diagram (SAR Vs Ec), trilinear diagram were prepared. Moreover, various 
hydrometeorological and hydrogeological data relevant to the investigation 
were also collected. 
The area of investigation lies in the sub-tropical climatic zone of 
India The average annual rainfall is 716mm The southwest monsoon (Mid 
June to August) provides 80% of the annual rainfall. The area is having 
mean annual temperature of 26°C with maximum as high as 46°C and mean 
minimum 2°C. The area is drained by the river Ganga, the abandoned 
channel of the Ganga and river Kali These rivers flow due southeast. 
Three major soil types viz sandy-loam, sandyloam to loam and loam to 
clay-loam were identified Irrigation facilities both through tubewells and 
canals are available for an estimated area of 53693 ha which is 76% of the 
net sown area. Of the total irrigated area, 8 1 % is irrigated by the tubewells 
and remaining by the canals 
The river Ganga and its tributaries have given rise to number of sand 
bodies such as channel, flood plain and back swamp deposits thus 
generating various aquifers of differing dimensions through their varying 
flow regime. 
Geologically, Bundelkhand granite forms the basement complex, 
which is unconformably overlain by the Upper Bhander shale of Upper 
Proterozoic age and is further overlain by the Neogene Siwalik and the 
Quaternary alluvium. The Quaternary alluvium consists of alternate beds of 
sand and clay with occasional interbeds of calcareous concretion. The 
basement topography comprises alternate ridges and depressions. The 
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thickness of Quaternary deposits in the area is 336m, which increases 
towards the Ganga bank 
During the investigation a single bodied aquifer system down to a 
depth of 163 m was observed however, in the cross section C-D and G-H it 
is observed that the clay beds of sizable thickness are interleaved with the 
granular zone, which appear to impart a two to three tier aquifers systems. 
But these clay beds at some distances due east gradually pinch out. The 
granular zones attain maximum thickness in the southern part of the study 
area which gradually decreases due east 
The near surface groundwater occurs under the water tables 
conditions and depth to water level in the observation years 1996 & 1997 
varies between 1.77m to 10 65m and 1.80m to 10.85m during pre monsoon 
and between 0.96m to 10 20m and 1 04m to 10 35m during the post 
monsoon respectively The water level fluctuation in the area ranges 
between 0 31m to 2 39m and 0 23m to 2.54m in the observation years 
1996&1997 The largest part of the area is covered by 1 - 1.5m fluctuation 
zone 
The water table is deep in the upland areas and shallow in the low 
lying and canal command areas Topography mainly, controls the water 
level in the basin. 
The elevation of water table ranges betvveen 165m above mean sea 
level in the north west to 142m in the south east which shows that the 
regional groundwater flows in the study area is from northwest to 
southeast direction Besides, various local flow directions were also 
observed These local flows were developed due to some local factors. In 
all eight groundwater mounds of which six mounds are observed along the 
Lower Ganga Canal These mounds are resultant effects of rampant 
seepage through the canal beds into the shallow aquifer below it. Similarly, 
three troughs are also developed as a result of excessive abstraction of 
groundwater in the upland tracts. The river Ganga and Kali behave as the 
effluent streams. The hydraulic gradient in the study area ranges between 
I^ 
6 5m/km to 0 24m/km The hydraulic gradient is rather steep along the old 
channel of the Ganga indicating that sediments are finer and have low 
permeability 
The piezometric level map shows a similar pattern to that of the 
water table contours maps which reveals that top aquifers are 
interconnected with the underlying deeper aquifers 
The hydrographs of permanent observation wells indicate that the 
maximum fall of water level is observed at Sidhpura where the rate of fall 
is 0 204m/year, while in the Ganjdundwara town, a rising trend is observed 
which may be attributed to its proximity to the Lower Ganga Canal 
The grain size analysis data of aquifer materials show that the 
effective size of the aquifer materials ranges between 0 088 to 0 134 mm 
which shows that sand size ranges between medium to fine however, the 
effective size of the Ganga sediments ranges between 0 129 to 0 145 mm 
The uniformity coefficient of aquifer materials ranges between 1 45 to 
2 38, which shows that the porosity is generally high The Ganga sediments 
also show a high porosity The hydraulic conductivity of the aquifer 
materials ranges between 39 74m/day to 92 44 m/day The hydraulic 
conductivity of the Ganga sediments is more than that of Kali sediments 
The transmissivity values in the area of investigation ranges between 
489m^/day to 1672m^/day, the hydraulic conductivity ranges between 
13m/day to 69m/day and the specific capacity index ranges between 
11 m/day to 57m/day The only pumping test conducted in the area reveals 
that the transmissivity is 2178m'/day, storativity is 1.12x10"' and hydraulic 
conductivity is 121m/day 
The groundwater resource evaluation studies reveals that the net 
annual recharge in the area is 212 13MCM and the net draft is 115 04 
MCM leaving a balance of 97 09 MCM as utilizable groundwater resource 
potential for future development 
The results of chemical analysis data show that the groundwater in 
the basin belongs to Bicarbonates facies of anion group and Na - K type of 
cation group with few exceptions, which belong to No Dominants class 
Briefly speaking the groundwater in the study area is potable, alkaline, 
hard and moderately mineralized Further, the value of major ions are 
found well with in the permissible limits Trace elements studies reveal 
that the concentration of heavy toxic metals in the top aquifers are more 
than the permissible limits which may cause various health related 
problems However, in the water samples of deeper aquifers these elements 
are found well within the permissible limits Moreover, the analyzed data 
were compared with various water quality criteria for drinking, irrigational 
and domestic purposes where the water of the basin was found suitable for 
irrigational purposes Finally, the study shows that the area is groundwater 
worthy and has potential aquifers for further development. 
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CHAPTEg = 1 
INTRODUCTION 
INTRODUCTION 
Water is a priceless resource and one of the basic necessities for the 
sustenance of life Over ninety percent of liquid fresh water available at 
an> given moment on the earth lies beneath the earth's surface The human 
race through the ages have striven to locate and develop it This is one of 
the principal element, which influences economic, industrial and 
agricultural growth of mankind 
Groundwater is a source for meeting the needs of irrigation or 
drinking water is widely distributed, dependable, can be put to use with 
comparative ease and speed However, it has not been given its due share 
of attention, so far, in the water resource planning programme The 
increasing population, economic and social activities have put greater 
demand and stress on groundwater development About eighty percent of 
rural water supply and a sizable part of urban and industrial water supply 
in the country are groundwater based The contribution of groundwater to 
irrigation is 50% in terms of area (Joseph, 1997) 
We need to develop and manage our precious resources and it is to 
be exploited in a judicious and sustainable manner But, in many areas we 
have lost sight of this aspect and have exploited our groundwater 
resources indiscriminately, as a result it has reached a critical stage and 
adverse effects are imminent The importance of the role of groundwater to 
meet water supply requirement for domestic, rural, urban, industrial and 
irrigation needs no emphasis Groundwater resource although 
replenishable, is not inexhaustible The continued mismanagement of water 
resources is likely to have serious implications in terms of food security, 
socio-economic stagnation and irreparable damage to the ecosystem By 
the year 2025, as much as two third of world's population could be living 
in the areas facing water stress condition (Pierre Najlis,1998) 
Groundwater is being heavily overused and ecosystems are being neglected 
in our drive to supply ever increasing amounts of water to profligate users 
1 
India has an agriculture based economy Therefore, stabilizing 
agriculture production, a speedy development of groundwater is required 
At present contribution of groundwater to the total irrigation in India is 50 
percent Of the 400 million-hectare meters of water received annually, the 
usable surface water resources on full development are 80 million hectare 
meters and groundwater resources on full development are 42 5 million 
hectare meters (Raju, 1998) Thus barely 30 percent of the annual 
precipitation is utilizable It is predicted that by 2025 India may become a 
moisture deficit land Should that happen sustainability of agriculture will 
be seriously imperiled and India may become a net importer of food to feed 
the people Therefore, if India has to remain self-relined in its food meets, 
the refined quantitative answers are needed concerning available 
groundwater resources 
While there is no doubt on the valuable contribution of groundwater 
to ushering in the green revolution, it is the credit facilities through 
institutional finance for groundwater development for irrigation that has 
prompted large scale withdrawal of groundwater through shallow and deep 
tubewells with complete disregard to proper well spacing which has put an 
adverse effect on this precious resource 
The Ganga basin, which has a very large groundwater potential, has 
been the place most suitable for the developmental activities and 
industrialization but unfortunately the pace and optimum utilization for the 
water resources have not been satisfying, and not enough attention has 
been paid to explore and evaluate the groundwater potential till date 
except the top aquifer Due to the large withdrawal through very closely 
spaced farmer's tubewells rapid fall in the water level has taken place And 
due to this falling water level in the top aquifer most of the dugwells in the 
Ganga basin have gone dry The only exception to this, are the canal 
command areas where the excessive seepage through the unlined canal beds 
has given rise to water logging conditions The present scenario is that of 
declining water table on one hand and water logging condition on the 
other 
The aim of the present study is to take stock of the present situation 
and find out a solution through hydrogeological inxestigation of the study 
area, which is part of the Central Ganga Basin By investigation is meant 
the collection, synthesis and interpretation of data so that one can define 
the environment in which groundwater occurs and the flow system of the 
groundwater bodies The environment includes the geometry of the aquifer 
system (area, depth, thickness and extent of water bearing beds) its 
storage and transmission properties (effective yield and permeability of the 
formations) and the chemical compositions of the water and aquifer 
materials The flow system covers hydraulic boundary conditions, hydraulic 
head distribution, recharge and discharge of the system and the response of 
the system to the physical and chemical changes and relation to adjoining 
surface water bodies To describe and interpret these kind of things is the 
purpose of the investigation at hand 
The Ganga basin, which extends from the Delhi Hardwar ridge in the 
west to the Monghyr-Saharsa ridge in the east is a broad, monotonous, 
level expenses built up of Quaternery alluvium, forms one of the largest 
groundwater basins of the world Physiographically, it consists of 
alternate uplands and depressions, where the highlands between the rivers 
form the interfluves and depressions are occupied by the rivers like 
Yamuna and the Ganga Groundwater occurs under the water table 
condition in the top aquifers and under semi confined to confined 
conditions in the deeper aquifers 
The irrigated-agricultural economy of the Ganga plain is dependent 
mainly on the groundwater for continued growth and prosperity Utmost 
care has, therefore, to be exercised in the exploration, development and 
management of this precious resource In order to evolve a pragmatic and 
scientific plan for the management of groundwater resources, various 
aspects of water in transit in a basin or a sub-basin need to be evaluated 
quantitatively and qualitatively 
The area under the investigation i.e PATIYALl SUB-DIVISION of 
Etah district is bounded in the north east by the river Ganga and in the 
south west by the Kali river The study area is traversed by the Lower 
Ganga Canal networks The area devoid of canal system is beset with 
declining water level, while the area close to the Lower Ganga Canal faces 
acute water logging situation This duality of the situation, a true 
representative of the Central Ganga Basin led to the choice of the area for 
investigation. 
Methodology 
Systematic hydrogeological investigations were carried out in the 
year 1996 and 1997, taking into consideration the upland, low land and 
other geomorphic features, an evenly spaced observation well network was 
established and relevant hydrogeological data were collected 
The study included data collection, review of literature, primary 
surveys, sampling, analytical work and the synthesis of the database into 
the information on the groundwater system of the Ganga-Kali sub basin 
The study was carried out as follows 
1 The literatures pertaining to the study area were collected, reviewed 
and synthesized for an information database in parts of the study 
area 
2. A set of 188 observation wells was established all over the area, at 
uniform spacing and relevant hydrogeological data were collected, 
during the pre and post monsoon periods and consequent water level 
fluctuations. 
3 During the fieldwork, soil types were also studied and soil map of 
the area was prepared. 
4 L'sing L o g o n s formula isopermeability map of the area was 
prepared 
5 To study the long term behaviors of groundwater in the area, 
hvdrographs for a period of 12 years were prepared using the data 
from 11 key observation wells 
6 Pumping test data were collected from C G W B The data were 
plotted and analyzed in orders to determine the aquifer 
characteristics i e Storativity, hydraulic conductivity and 
transmissivity 
7 The rainfall data were collected from the IMD and statistically 
analyzed The mean, the standard deviation and the coefficient of 
variation were calculated Besides, the frequencies of the drought 
for the period 1901 to 1997 were determined 
8 Remote sensing imageries relevant to the area were studied and 
visual interpretations were made to decipher the various landform 
features 
9 The water samples were analyzed for major and trace elements and 
interpreted to ascertain the quality criteria for various uses viz , 
domestic, irrigation and industrial Moreover, various hydrochemical 
facies were determined through trilinear diagram 
The Present Work 
The hydrometeorology, geomorphology, land and water use pattern, 
geology, hydrogeology, hydrogeochemistry and groundwater resource 
evaluation studies of the area of investigation have been described to 
provide a quantitative data base for the sustainable development of the 
sub-basin Application of remote sensing techniques have helped in 
delineating various geomorphic features such as palaeo-channels, channel 
bars and backswamps etc 
The area experiences a subtropical climatic condition with hot 
summer and very cold winter seasons The Average annual rainfall is 
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recorded as 715nim Geologically, the Bundelkhand granite of Archean age 
forms the basement, which is unconformably overlain by the rock 
formation of Upper Vindhyan of Upper Proterozoic age During the long 
span of time encompassing about 500 million years, the V'lndhayan 
topography was reduced, almost to peneplanation and on this eroded 
surface, the Siwaliks were deposited during Mio-Pliocene period which 
was further followed by the deposition of the Quaternary Alluvium 
Hydrogeologically, the area has a two to three tier aquifer system 
down to the depth of 163 m b g 1 These aquifers are by and large 
interconnected in nature thus behaves as single bodied aquifer system In 
the top aquifer groundwater occurs, under water table conditions whereas 
in the deeper aquifer groundwater occurs, generally under the semi 
confined to confined conditions The pre and post monsoon depth to water 
levels varies from 1 80 to 11 65 and 0 95 to 11 15 m b g 1 respectively 
The water level fluctuations ranges between 0 31 to 2 39m and 0 23 to 
2 54m in the observation years 1996 & 1997 Where the difference in 
fluctuation is controlled by the lithological variations The elevation of 
groundwater table ranges from 166m in the northwest to 143m in the 
southeast above the mean sea level (a m s 1 ), which shows that the 
regional flow of groundwater in the area is from northwest to southeast 
direction 
A comparative study of water table contour maps and piezometric 
contour map show that they are similar in pattern, which indicates that the 
aquifers are, by and large interconnected in nature The surface water and 
groundwater interaction studies show that the right bank of the Ganga 
which is also the northeastern hydroboundary of the area, is effluent in 
nature Similarly in the south of the study area, the river Kali too, behaves 
as an effluent stream 
The pumping test data analysis shows that the value of transmissivity 
is 2178mVday, storativity is 1 12 x 10"' and the value of hydraulic 
conductivity is 121m/day 
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The chemical anahsis result of the water samples show that the 
groundwater in the area is potable, hard, alkaline in reaction, moderately 
mineralized and an Alkali Bicarbonate Type However, the quality of the 
top aquifer water is pooi due to the higher concentration of heavy toxic 
trace elements that are slightly more than the permissible limits. 
The groundwater resource evaluation studies reveals that the net 
annual recharge is 212 13 M C M while the net annual draft is 115 04 
M C M , thus, leaving a balance of 97 09 M C M as a utilizable 
groundwater resource potential for the future development 
During the coarse of investigation, the author has scanned the area 
both horizontally and vertically, and identified various groundwater 
bodies, their interconnection and tried to present the unified quantitative 
and qualitative evaluation of groundwater resources of the area under 
investigation 
This study will be useful for the development of agriculture and will 
help raise the poor people inhabiting the area from the abject poverty to 
the better quality of life 
Location, Extent and Communication 
The study area spreads over 1106 km ,^ is located in Etah distt of 
Uttar Pradesh and lies between the latitude 27°33' to 27°53' North and 
longitude 78°48' to 79°]] ' East (Fig 1) The area falls in the survey of 
India toposheet no 54 1/13, 54 1/14, 54 M/1 and 54 M/2 It is well 
connected by roads and railways Motorable roads connect most of the 
villages in the study area Patiyali, Ganjdundwara and Sidhpura are 
important towns in the area where camping facilities are available 
Development of Hydrogeology 
Hydrogeology has provided the requisite knowledge for the people 
to achieve a higher quality of life through availability of safe and adequate 
water supply Hydrogeology is a relatively young science based on the 
' > 
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principles of physics and chemistry as water moves through the geologic 
framework The fundamental concepts and principles have originated 
largely within the past 100 years or so Hydrogeologists have had 
significant influence on the exploration, development, inventory and 
management of groundwater as a supply. The series of development 
between 1856 and 1955 helped to establish the principle of groundwater 
resource evaluation. Henry Darcy (1803-1858) studied the movement of 
water through sand and derived a formula known as Darcy's law. Darcy's 
law serves as the basis for numerous quantitative methods in groundwater 
resource evaluation. A. Thiem (1870) developed equation for steady state 
flow towards wells. Thies (1935) gave the non-equilibrium formula for 
unsteady state flow to a well discharging from a confined aquifer. Several 
workers since then have formulated equations relating to discharge from an 
aquifer to the head difference under the varied conditions (Jacob, 1946; 
Boulton, 1963; Huntush, 1956) Chamberlin (1885) defined the requisite 
geologic control necessary to occurrence of artesian wells. Slichter (1898) 
showed the relationship between grain size of rocks and permeability. 
Badon Ghyben (1889) established the laws of equilibrium between 
seawater and fresh groundwater. 
Meinzer (1923) evaluated early studies on the framework of 
principles and methodology for investigations of the occurrence and 
distribution of groundwater. 
Methods for estimating groundwater recharge or discharge from 
changes in groundwater storage were devised by Smith (1924), White 
(1932), Meinzer (1928), and William's and Lohman (1949). In recent 
decades the work of M S Hantush, G.B. Maxey and R.W Stallman are note 
worthy. 
Piper et. al., (1953) described the principles of cations exchange 
Back (1961) presented techniques for mapping hydro-chemical facies 
Rasmussen and Andreasen (1959), Schicht and Walton (1961) 
prepared hydrologic budget for basins, Walton and Prickett (1963) 
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extended the application of analog techniques in solving complex 
groundwater system problems. 
Based on the nature and growth of hydrogeology three revolutionary 
concepts were identified that have helped in understanding of 
hydrogeological phenomena. The first concepts states that the 
mathematical expressions for heat flow can be paraphrased for 
groundwater, and therefore used in transient flow conditions to determine 
aquifer characteristics This concept led to Theis's equation (1935). This 
equation is the basis for almost all the scientific information about non-
equilibrium hydraulics. C.V Theis is responsible for much of our current 
understanding of aquifer characteristics. 
The second revolutionary concept was the recognition that the 
distribution of fluid potential can be formulated in mathematical equations 
and solved by various techniques to generate flow simulation models. 
Developments by H. E. Skibitzke (1961), W.C. Walton and T. A Prickett 
(1963), Pricket and C G Lonnquist (1971), R. A Freeze and P. A. 
Witherspoon (1966) established the new field of digital groundwater flow 
modelling. Digital Computers provided the means for assessment of 
groundwater resources on a regional scale within the context of full 
hydrologic cycle (Back and Herman, 1997). The application of these 
developments in digital flow modelling culminated in the use of such 
models to quantify solute migration in aquifer systems (Bredehoeft and 
Pinder, 1973). Field base regional studies of groundwater flow and the use 
of flow models continue to be closely linked. Fundamental hydrogeologic 
process are understood through field study of the physical system; those 
phenomenon are simulated in numerical models, and the success of the 
model is evaluated by comparison to hydrogeologic observations in the 
fields, leading to refinement of the model (Back and Herman, 1997) 
The third revolutionary concept is that the chemical thermodynamics 
can be applied to hydrogeologic systems in order to understand the 
processes controlling the chemical character of groundwater. Important 
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techniques in graphical representation of chemical data, developed in the 
1920's through the 1950's, helped illustrate chemical relationships and 
reactions influencing groundwater composition Hem (1959), White 
(1965). Back and Hanshaw (1965). Back (1965), Back (1966), Davis et 
al., (1970) made significant contribution in groundwater chemistry. 
The thermodynamics based approach to groundwater geochemistry is 
supported today by computer based geo-chemical models (Truesdell and 
Jones, 1974). These models have proven useful in the analysis of aquifer 
characteristics and performance assessment for underground water 
repositories. 
The relative importance of the three concepts has changed over time. 
Earlier the non-equilibrium well hydraulics approach was tremendously 
important in evaluating aquifer characteristics Then in 1970's use of flow 
simulation models become much more prominent Then in 1980"s, the 
geochemistry of water supply rose in importance and much of the work 
was carried out to understand the aquifer geochemistry in the context of 
restoring chemically contaminated sites 
In the past few decades the groundwater exploration has evolved on 
its own to cater to variety of specific problems related to groundwater. 
The advent of Remote Sensing Techniques and Geographical information 
system (GIS) has added new tools for the groundwater exploration 
Isotope techniques are being increasingly applied to determine recharge 
rates and residence time of groundwater in the aquifer (Karanth, 1993). 
Finally, the complexity of hydrogeological problem is greater now 
than in the past because of increased population and expectations of the 
people of the higher standard of living. 
Forced by the necessity of solving pressing groundwater problems 
the emphasis is more on basin analysis of groundwater system. The 
resource estimation at micro-level is also gaining importance. 
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PHYSIOGRAPHY AND DRAINAGE 
The area of investigation forms the eastern end of the Ganga-
Yamuna interfluves which is bounded on the north-east by the river Ganga 
and on the south west by the river Kali respectively. Apparently, the area 
appears as a vast level expanse but on the closer look, it represents a 
remarkable diversity of physical features like upland, low land, abandoned 
channel and active channel of the Ganga and Kali rivers respectively. The 
upland trends from the north-west to south-east directions and range from 
171m a.m.s.l. in the north-west to 152m a.m.si. in the south-east direction 
which also govern the courses of the streams traversing through the area. 
Based on the soils, topography and climate, the Ganga-Kali sub-
basin can broadly be divided into the following three distinct physiographic 
units (Fig. 2). 
1. The Low Valley of the Ganga 
2. The Eastern upland 
3. Aliganj plain 
The low valley of the Ganga 
It lies between the right bank of the river Ganga and upland margins. 
It extends in the north-west to south-east direction. The low valley attains 
a maximum width of about 16 kilometres. The soil of this physiographic 
unit is recent alluvium comprising fine through medium to coarse sand. 
Geomorphologically, this tract consists of numerous point bar deposits 
with enechelon distribution, aligned parallel or sub- parallel to the high 
bank. They are usually separated by the intervening low land, which once 
form the parts of the erstwhile channel of the Ganga The soil in this valley 
throughout the tract is sandy, differing from the soil of upland with a large 
admixture of vegetable matters. Along the edge of the Ganga, are found 
rich soft loam on which sugarcane is cultivated without irrigation. Similar 
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Fig. 2 
Physiographic Map of the Area 
soil but with lesser admixture of vegetable matters is met with along the 
edge of the higher bank of Ganga Between the above two, the level lies 
higher and the quality of soil deteriorates from north to south; being sandy 
iusi above the old channel South of the old channel there is always a 
considerable stretch of very poor soil, either wind blown sand or 
wasteland. 
The sub-soil throughout this tract is sand of the Ganges. The surface 
is every where uneven. The crests of the vertical or lateral point bar 
deposits which are generally aligned enechelon almost sub-parallel to 
upland margins form the topographic highs while the intervening lows 
represent the old channels, are mostly founds as marshy tract full of 
weeds. 
Eastern Upland 
This tract comprises the major portion of the area of investigation 
and cover the highest elevation which acts as a watershed between the 
river Ganga and Kali. The upland commences with the belt of high 
undulating ground above the steep upland margins facing the low valley of 
the Ganga. Its prominent feature is its north-west to south-east trending 
uplands and intervening low land often marked with lakes and ponds. The 
upland tract is marked by its characteristic sand belt with very little 
vegetation. The general slope of this tract is due south-east. Generally, the 
tract is famous for its sandy loam soil with rich crop production. The 
central portion of this upland is occupied by level plain with loam soil and 
some wasteland with numerous patches of salt efflorescence, else where 
the surface is uneven. At places, the sand is being pitted with hallows and 
depressions in which water collects giving rise to little firm soil. The sub 
soil in this tract is nearly sandy The crest of this upland is traversed by 
the lower Ganga Canal and its various distributaries 
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Aliganj Plain 
This physiographic unit covers the small segment of the area of 
investigation and has comparatively higher land surface than the 
neighbouring areas This tract slopes towards south-east direction. 
Physiographically, it is plain but linear sand ridges are spread in parts of 
the region There are numerous small depressions, which remain dry during 
the summer It is a fertile plain where irrigational needs are met through 
tubewells and Lower Ganga Canals, 
GEOMORPHOLOGY OF THE AREA 
The classical literature on the Ganga alluvial plain gives a very 
generalised idea about the geomorphic feature of the Ganga plain (Oldham, 
1917; Pascoe, 1917; Pilgrim, 1919), defining two morphostratigraphic 
units, namely older alluvium, which makes the higher interfluves area and 
the newer alluvium which forms the deposits of the major river channels 
and their valleys (Singh, 1996) However, Das Gupta (1975) gave a 
detailed account of the geomorphology of the Upper Gangetic flood plain, 
identifying three levels of river valley terraces in the Ganga Khadar (Low 
Valley of the Ganga), and two levels of terraces on the Bhangar Surface 
(Older alluvium). Role of changing sea-level during Late Quaternary is 
responsible for the origin of different terraces level in the Ganga plain 
(Kumar and Singh, 1978). 
Geomorphologically, the present study area is characterised by 
plains of very low relief and high land, which are essentially depositional 
alluvial features. The nature and distribution of abandoned channels 
meander scars and other fluvial geomorphic features suggest that the 
Ganga river in its various phases occupied and abandoned several courses 
over the years while the plain has been under formation In its later phases, 
the migrating Ganga river degraded its own deposits and carved newer 
meander belts at lower topographic levels or lows During the process, the 
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older meander flood plains were left off on extensive high land, which 
trend in north-west to south-east direction 
Although, Geomorphologically, the area is not fully matured, but an 
attempt has been made to study the geomorphic features of the study area, 
which is a part of the Central Ganga Basin. Based on the geomorphological 
map prepared with the help of IRS-IA satellite data. Survey of India 
Toposheet and the authors own observations, the area has finally been 
divided into following geomorphic units (Fig 3). 
i) Flood plain ( To Surface) 
ii) Younger alluvial plain (Ti Surface) 
iii) Older alluvial plain (T2 Surface) 
Flood Plain (T« Surface) 
To surface is the present day active channel, a rather narrow and 
entrenched in the river valley. Here the channel is of braided type : a 
channel which is divided into several channels which successively meet and 
re-divided. This plain is only few hundred meters to about 2 km. wide. 
This is a low lying flat land having relatively smooth surface and comprises 
fine to coarse sand mixed with silt and clay at places Besides, flood plain 
area also lies along the old channel of the Ganga in the limited extent. This 
surface shows a variety of fluvial land forms, including channels, channel 
bars, lateral point bars and swamps. This surface is subjected to annual 
flooding. It is the youngest geomorphic surface 
Younger Alluvial Plain (Ti Surface) 
This tract extending as a narrow belt, which lies about 5 - 7 m above 
the present channel. Its width varies 4 km to 12 km and lies between the 
active channel of the Ganga and the old channel The plain shows 
development of broad river valleys in which the present day active river 
channels with their flood plains are entrenched This river valley terrace 
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surface is termed as the Ti surface. In classical studies, the Ti surface 
along with active channel flood plain (To) is termed as newer alluvium The 
Ti surface is located several meters higher than the active flood plain and 
is normally not flooded. The Ti surface shows extensive development of 
select features of abandoned channels, meander scars and backswamps. 
Below the few meters of clay deposits there occurs thick sand bed which is 
coarser in nature. The Ti surface is a depositional surface formed during 
an earlier more humid climate when large river valleys were formed (Singh 
et al, 1990) This tract is flat to gently sloping, slightly undulating terrain 
formed by the extensive deposition of sediments by the river Ganga 
Older AlluvUl Plain (T2 Surface) 
This is an upland surface with a south-easterly slope and cover 
major portion of the area of study. It is 5-10 km above the TI surface. 
This tract is a stable land with slight undulations. This upland was formed 
probably at the early stages of depositional regime and is characterised by 
the palaeochannels. At places salt encrustation are also observed This 
surface shows a variety of distinct domains e g regional ridges, linear 
narrow sand ridges, various ponds, lakes and abandoned channels and 
waterlogged area. 
The sediments of this surface are characteristically fine grained 
showing interlayering of fine sand, silt with calcareous horizons This is 
the oldest geomorphic surface of the Ganga plain, as all the other surfaces 
are either super imposed or cutting into it (Singh, 1996). This surface is 
beyond the reach of floods of any dimension. 
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SOIL TYPES OF THE AREA 
Soil survey organisation of the state of Uttar Pradesh conducted a 
soil survey of the area during 1951-53, according to this survey the area is 
broadl> divided into three soil types (Fig. 4). 
1 Sandy loam 
2 Sandy loam to loam 
3. Loam to clay loam 
Sandy Loam 
This soil occurs in the tract located between the river Ganga and its 
high right bank. The soils in this region are of very recent origin and have 
been deposited by the Ganga. The soils are very light which consists of 
pure Ganga sand. The colour in general is grey on the surface while lower 
layers tend to be lighter grey. The pH values of these soils vary between 
slightly to mildly alkaline The soil profile consists of numerous immature 
stratified layers of younger soils, which deposited over one another during 
the flood periods of the river Ganga The high proportion of the vegetable 
matter enables them to grow relatively richer crop than the soil in the 
upland. 
Sandy Loam to Loam 
This soil type covers the major portion of the upland tract The 
colour of the soil is mostly light grey to brownish grey with occasional 
yellowish tinge in the lower layers. The soil with loam texture and with 
heavier texture dominate the area although lighter texture soils with sand 
.deposits can also be found at places. Generally surface soil to a depth of 
20 - 25 cm. is well drained soil and contains loose loam that can easily be 
ploughed and cultivated The soil is more leached than the other soil of the 
area. The percentage of lime content is low, calcium accounts for about 
50%; the rest being accounted for by magnesium The soils are neutral in 
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reaction cxtepi for interspersed depressional areas, which contain alkaline 
soils 
Loam to Clay Loam 
The soil is sticky and generally clayey loam to loam in texture. The 
colour varies from grey to dark grey tending to black when moist The 
tract is underlain by thick pan of calcareous concretions occurring in the 
forms of nodules which at places cement together forming a stiff 
impermeable belt in the bottom layers. Due to poor drainage the soluble* 
sodium salts are deposited on the surface in the form of salt efflorescence 
(reh) The pH value of the soil ranges from 7 to 9 Iron and Alumina 
remains stationary and magnesia is little in the entire profile (Aggarwal, et. 
al., 1953) 
Being situated in the Gangetic doab the predominant soil in the area 
is the alluvium, deposited by the Ganga and its tributaries. The parent 
material is, in general calcareous and the native vegetation consists of 
shrubs and low-grasses. The soils are neutral to moderately alkaline and 
calcareous and have sometimes well developed clay accumulation horizon 
in the subsoil. 
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DRAINAGE 
The area of investigation is drained by the Ganga, the abandoned 
channel of the Ganga and Kali rivers 
The Ganga River 
The Ganga river flows all along the northern and north-eastern 
margin of the study area. The Ganga river has continuously been changing 
its course over the years due to sub-surface structural changes in the 
basement complex. The river has shifted its course towards south-west in 
the past, near Qadarganj. The river flows at a distance varying from 5 to 
15 km from its old high bank. 
Abandoned Channel of the Ganga 
The abandoned or old channel of the Ganga flows through the low 
valley of the Ganga adjacent to the high bank of the upland margins The 
flow in the old channel is sluggish due to the blockade at many places by 
sand spills and weeds. It is therefore unable to accommodate heavy runoff 
during rainy seasons. The river flows south-eastward at a considerable 
distance from the old high bank. The land in the vicinity of the river is 
prone to flood and water logging. 
The Kali River 
The Kali river which forms the southern-hydroboundary of the study 
area is the only tributary of the Ganga, which also flows in the south-
easterly direction The valley through which the river flows is deep and 
about 0.5 kilometre in width from crest to crest. At places the drainage of 
the river is very poor. It is marked by the shallow depressions and 
obstructed by numerous ridges of sand. This river is perennial in nature 
and its volume is increased by the surplus water from the Ganga canal. It 
flows mainly through the upland and is characterised by meandering deep 
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channels and highly ravenous banks and finally joins the river Ganga south 
of Farrukhabad town. 
CLIMATE 
The study area, the Ganga-Kali sub-basin, falls under the sub 
tropical climatic zone of India It is characterized by three seasons viz.; 
the winter, summer and rainy seasons. Winter seasons start in the middle 
of the November and ends in February March is a transitional month. 
Summer seasons begin in April and continue up to middle of the June. The 
rainy season spans from third week of June and ends in September. The 
mean monthly temperature is the highest during the month of May and 
mercury touches up to 47°C and the lowest temperature is recorded during 
the January which often touches 3°C. The relative humidity is highest 
during August (81 %) while the lowest humidity is observed during the 
month of April (18%) 
Rainfall 
The heavy rainfall through southwestern Monsoon takes place in the 
month of July and August where the area receives about 85% of the total 
precipitation The average number of rainy days during the year is 39. Out 
of which 23 rainy days are in the month of July and August. This shows 
that most of the rainfall occurs within a limited span of time and with high 
intensity, thus reducing the possibility of more recharge and increasing the 
over land flow. The winter rainfall sometime takes place by the middle of 
January but it is not a usual feature. 
The average annual rainfall at Patiyali sub-division is recorded as 
715mm. 
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Areal Distribution of Rainfall 
Itilizing the available rainfall data, isohyetal map showing the 
variation in normal monsoon rainfall has been prepared (Fig 5) A perusal 
of ihis map re\ eals that the rainfall gradually decreases due southwest 
Variabi l i ty of Rainfall 
The annual rainfall data of the only raingauge station at Kasganj 
close to the study area, for the period 1901 to 1997 have been statistically 
analyzed (Appendix-1). The results are tabulated as under: 
Table-1 Results of Statistical An 
Kasganj Raingauge Stat 
Highest Rainfall 
Lowest Rainfall 
Mean 
Standard deviation 
Coefficient of variation 
alysis of Annual Rainfall at 
lion 
1227.70 mm (1960) 
208 mm (1918) 
751.04 mm 
223,83 mm 
29.80% 
The table shows that the highest rainfall at Kasganj recorded as 
1227.70 mm in the year I960 and the lowest as 208 00 mm in the year 
1918 The mean annual rainfall is 751,04 mm The standard deviation is 
223 83 and the coefficient of variation is 29.80%. Further the departure of 
annual rainfall from mean rainfall has been plotted (Fig 6). 
Drought Analysis 
The rainfall varies considerably in space and time Droughts and 
floods are the consequence of this variability. In general drought refers to 
large and prolonged lack of rainfall affecting agriculture, domestic water 
supply and other water dependent economic activities. But with the 
developing techniques of operational management of our water resources. 
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a drought condition has to be viewed from three different angle (Upadhya 
et al , 1989) 
Meteorological 
When the actual rainfall is less than the normal rainfall by 25% or 
more 
Hydrological 
When there is a marked depletion of surface water and drying up of 
lakes, reservoirs and rivers, it may also results in recession of glacier due 
to insufficient regeneration of seasonal snow cover 
Agriculture 
When soil moisture is inadequate to support healthy growth of 
crops, water table goes deeper and groundwater is unable to meet the 
demands 
As the study area forms a part of the Central Ganga basin, which is 
basically an agricultural tract, the computations are mainly based on 
agricultural definition of drought. 
The classification of drought based on the percentage of the 
negative departure of rainfall from its mean are as follows 
Percentage of Departure 
00.00-25.00 
25.10-50.00 
50.10-75.00 
75.10- 100.00 
Types of Drought 
Mild drought 
Normal drought 
Severe drought 
Most severe drought 
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Analysis for the drought frequency shows that the area has been 
experiencing drought of varying intensity since 1901 to 1997 
Table-2 Results of the 
Type of Drought 
Mild Drought (0-25%) 
Normal Drought (25-50%) 
Severe Drought (50-75%) 
Drought Ana 
1901, 
1915, 
1930, 
1951, 
1959, 
1973, 
1991, 
1902, 
1923, 
1938, 
1966, 
1990, 
1905, 
Y( 
1908, 
1920, 
1937, 
1952, 
1962. 
1979, 
1992, 
1907, 
1928, 
1941, 
1984, 
1918 
lysis in the A 
ear 
1910, 
1925, 
1939, 
1953, 
1968, 
1981, 
1994, 
1912, 
1932, 
1944, 
1986, 
1911, 
1929, 
1948, 
1957. 
1972, 
1989, 
1913, 
1935, 
1947, 
1987, 
rea 
Frequency of 
occurrence (%) 
28 42% 
17 89% 
2 11 % 
Land Utilization pattern in the Study Area 
The statistics regarding the land use pattern in the study area is 
given in the table below. 
Table-3 Land Utilization pattern in the Study Area 
Area (ha) 
Forests (ha) 
Agriculturable Barren Land (ha) 
Current Fallow Land (ha) 
Other Fallow Land (ha) 
Barren and Unsuitable for Agriculture (ha) 
Land Under Miscellaneous Use Other than Agriculture (ha) 
Pastures (ha) 
Gardens and other Trees (ha) 
Net area sown (ha) 
Area sown more than once (ha) 
110600 
12 
12790 
5112 
8226 
1883 
10372 
107 
1386 
70612 
39182 
The above table shows that out of total area of 110600 hectares, 
64% of the area is under cultivation of (net sown area) which 56% is sown 
more than once. This shows that the double cropping pattern is prevalent 
in the area of investigation The total cultivable area (Net area sown at + 
barren land suitable for agriculture + fallow land) is 77% of the total area. 
This shows that 23% land is lying unused which may be put under 
cultivation if proper efforts are made and facilities provided. The land 
covered under forest is insignificant. The rest of the area is covered by 
barren and cultivated land. 
Water Use Pattern for Irrigation in the Study Area 
Out of total water utilization for irrigation in the study area 79.45% 
is derived from the groundwater sources and 20.55% is derived from 
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surface water sources (Fig 7a) The Farrukhabad distributory of the Lower 
Ganga Canal and the minor canals supply the surface water for irrigation, 
mainly for the upland areas 
TABLE-4 Contribution of surface and groundwater for irrigation 
in the study area 
Area 
Patiyali sub-division 
Percent area irrigated 
by surface water 
20.55 
Percent area irrigated 
by the groundwater 
79.45. 
Ground Water Use Pattern 
Estimates of groundwater use of the study area shows that out of the 
total groundwater withdrawn i.e., 115.04 MCM of which about 85% is 
used for irrigation purpose and remaining 15% is used for domestic and 
other purposes. Fig. 7b shows the groundwater utilization pattern in the 
study area. 
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CHAPTER 
GEOLOeV 
GEOLOGY 
Physiographically, India is divisible into three major physiographic 
subdivisions; the Himalayas, the Indo-Gangetic plain and the Peninsula 
(Fig 8) The Indo-Gangetic plain is an extensive alluvial plain of the 
Ganga, Indus and Brahmputra rivers which separates the Himalayas from 
the Peninsular India (Singh, 1996). The Indo-Gangetic plain is further 
divisible into the following basins; the Indus basin, the Punjab basin, the 
Brahmputra basin, the Bengal basin and the Ganga basin. 
All these basins have complex nature of their sub-surface topography 
comprising ridges and depressions, which were later covered by the 
Quaternary alluvium of varying thickness and water qualities. The present 
discussion will confine to the Ganga basin as the area of investigation 
forms a part of the Central Ganga basin. 
Ganga Basin 
Geologically, the Ganga basin is the southern part of the northern 
Cenozoic basin of India (Raiverman et al , 1983) and extends from Delhi-
Hardwar ridge in the west to the Monghyr-Sahersa ridge in the east. 
Further, the basin is bounded by the Himalayan foothills in the north to the 
Vindhyan highlands in the south (Singh, 1996). Krishnan and Swaminathan, 
(1959) suggested that the Ganga basin was an integral part of the great 
Vindhyan basin which extended northward underneath the Lesser 
Himalayan region of Nepal and Garhwal Himalayas. 
The thickness of the alluvium of the Ganga basin varies from few 
meters in the south near the Vindhyan highlands to about 6000 meters 
close to the Himalayan foothills in the north. The alluvium comprises 
alternate beds of sand and clay with occasional intercalation of calcareous 
concretions. An asymmetric depression, with low relief and gentle 
southeasterly slope, the Ganga basin appears as a rather flat plain through 
which the rivers slowly move towards the bay of Bengal. 
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Origin of the Ganga Basin 
The various shades of opinion regarding the origin of the Ganga 
basin are as follows In the early part of this century the Indo-Gangetic 
plain was interpreted to be a foredeep (Suess, 1904-1944) or a great rift 
\alle\ (Burrard, 1915) filled with the alluvium of 4 5 to 20 km thickness 
Pascoe (1973) and Oldham (1917) agreed with the foredeep nature of the 
basin but expressed reservation in accepting the mechanism offered by 
Suess 
Ganser (1964), suggested that the Ganga basin in front of the 
Himalayas does not represent a sediment filled foredeep but the depressed 
part of the Peninsular shield which in all likelihood faulted against the 
Himalayan front Krishnan (1968), considered the origin of the Ganga 
basin to a sag or depression, which has been formed by buckling down of 
the crust by the pressure exerted on the borders of the Peninsula by 
compressive forces during the final phase of the Himalayan orogeny 
Dickinson (1974), considered the Indo-Gangetic trough as the most 
impressive present day peripheral foreland basin formed as a result of 
continent-continent collision between Indian and Asian plates Miall and 
Bailey (1981), opined that, it is a foreland basin rather than a foredeep 
Valdiya (1982), interpreted the origin of the Ganga basin as a 
resultant effect of sagging of the northern flank of the platform around 
Bundhelkhand shield following the main episode of the Himalayan orogeny 
Lyon-Caen and Molner (1985), viewed that a shallow depression was 
created south of the rising Himalaya due to the bending of the Indian plate 
produced through overriding of Lesser Himalayan Nappes 
Nakata (1988), delineated the Himalayan Frontal Fault between the 
outer most Neogene Himalayan hills and the northern end of the Ganga 
basin 
Earlier, the aeromagnetic, seismic and gravity surveys by the ONGC 
have indicated that the Indo-gangetic plain consist of several sub-basins 
separated by sub-surface ridges or highs (Sastri et al , 1971, Rao 1973) 
27 
Interest in the petroleum led to the geophysical studies in the Indo-
Gangetic Plain (Aithal et al , 1964, Datta et al., 1964, Moolchand et 
al ,1964) that provided insight into the basement structure and the nature 
of sediment fill 
Evolution of the Indo-Gangetic plain foreland basin was recently 
reviewed (Prakash and Kumar 1991) It seems most probable that during 
the early Eocene period Subathu sediments were deposited in a rift valley 
near the present-day southern margin of the Lesser Himalaya, before the 
initiation of the foreland basin (Singh, 1979) This presumption is 
supported by the fact that in none of the boreholes drilled in the Siwalik 
hills and the Ganga Plain, are Subathu sediments encountered (Biswas, 
1994). 
It appears reasonable to assume that the initiation of the Ganga 
Plain foreland basin took place in the early Miocene, with a considerable 
time lag after collision of the Indian-Asian plates during Eocene In the 
early phase of this foreland basin, it was very narrow and with little 
subsidence Substantial subsidence and flexing of the basin started in the 
Middle-Miocene, and a full grown foreland basin was established (Singh, 
1996) The Ganga basin shows all the major components of a foreland 
basin, namely an orogen (the Himalaya), deformed and uplifted foreland 
basin deposits adjacent to orogen (Siwalik hills), a depositional basin 
(Ganga plain), and peripheral cratonic bulge (Bundelkhand-Vindhyan 
plateau (Fig 9) 
Thakur (1994-95), considered that the marine to fluviatile Tertiary 
sediments of the outer Himalaya and the Ganga basin were deposited in the 
foreland basin with thickness varying from about few meters in the 
southern most part of the Ganga basin to about few thousands meters close 
to outer Himalayan foot-hills 
Pramanik et al , (1996), viewed that the Ganga basin is a poly-cyclic 
basin with the six main phases of geologic evolution viz. Early Proterozoic 
intracratonic-pericratonic sedimentation cycles. Middle, Riphean 
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intracratonic cycle. Late Riphean pericratonic cycle. Early Permian-Early 
cretaceous intracratonic cycle, Triassic- Middle Eocence Tethyan 
Continental Margin cycle and Neogene Peripheral foreland cycle 
These various shades of opinion regarding the origin of the Ganga 
basin conform to the creation of a depression in front of the newly risen 
Himalaya during Middle Pliocene time, when the Himalayas underwent 
severest phase of folding and thrusting (Krishnan, 1968) The depression 
thus created was rapidly filled up by the sediments brought by the rivers 
emerging from the younger Himalayas as well as through the rivers 
draining the northern fringe of the Peninsula, there by giving r'se to the 
present configuration of the Ganga basin 
Tectonic Framework of the Ganga Basin 
The large scale exploration during the past three decades by the Oil 
and Natural Gas Corporation (ONGG) and the Central Ground Water 
Board (CGWB) in search of oil and groundwater have generated important 
basic data regarding the tectonic frame work and the sedimentary covers of 
the Ganga basin 
These informations have been utilised by several workers to 
interpret the subsurface topography, structure and sequence of 
sedimentation in the Ganga basin (Rao, 1973, Sastri et al , 1971, Qureshy 
et al , 1989, Karunakaran and RangaRao, 1979, Narain and Kaila 1982, 
Lyon-Caen and Molnar, 1985) 
Geologically, the 3000 million years old Bundelkhand granite forms 
the basement complex, which later under went faulting generating thereby, 
two intracratonic basins which are known as the east and west Uttar 
Pradesh Shelves separated by a horst known as Faizabad high Further, 
these interacratonic basins became the site of deposition where Bijawars 
were unconformably deposited on the granitic basement Thereafter, Lower 
and Upper Vindhyans were also deposited over the Bijawars and 
Bundelkhand granite during the Upper Proterozoic era The Lower 
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Vindhyans in the Ganga basin are found only in the shelves in the 
Madhubani graben where as the Upper Vindhyans are very well developed 
in the west Uttar Pradesh shelves 
The \'indh\an rock formations in the basin underwent Post-Vindhyan 
Faulting and erosion for about 500 million years till the Neogene Siwaliks 
were deposited on its eroded surface Further, they were subjected to 
down buckling during the final phase of the Himalayan orogeny and 
thereafter started the deposition of Quaternary sediments 
The Quaternary alluvium consists of alternate layers of sand and 
clays where, clays are occasionally interaclated with calcarious 
concretions 
Structurally, the basin is a sag, developed as an aftermath of the 
final phase of the Himalayan orogeny, consists of alternate ridges and 
depressions, over which the thickness of the sedimentary covers is highly 
variable. It varies from few meters in the south to 6000 meters close to the 
Himalayan foothills. The term ridge as applied to the structural feature 
refers only to the linear aeromagnetic anomalies and should not be 
understood in the normal sense of the term These ridges might have 
formed important topographic divides at the time of Vindhyan deposition, 
which were subsequently peneplaned as the overlying Siwaliks occur with 
nearly uniform thickness across these ridges Similarly, the word "basin" 
applied to the areas between these ridges, should not be understood as 
representing truly synclinal depressions (Karunakaran & Rao 1976) 
The important basement highs are the Faizabad ridge, the Monghyr-
Saharsa ridge and the Delhi-Hardwar ridge and the important depressions 
are the Gandak and the Sarda depressions There are also number of 
longitudinal and transverse faults. Namely Moradabad fault, Bareilly fault, 
Lucknow fault, Patna fault, etc. (Sastri et al , 1971, Rao 1973) Though 
basement highs have controlled the thickness of alluvium, there seems to 
be no surface or subsurface expressions of these faults in the alluvium 
30 
Further, Nakata (1988) delineated a thrust between the Siwaliks and the 
Quaternary alluvium in the north known as the Himalayan Frontal Thrust 
Based on the structural, tectonics and stratigraphical data of the 
Ganga basin, Sastri et al , (1971) defined the Ganga basin as a major 
platform depression and classified it into seven tectonic zones viz, 
Monghyr-Saharsa ridge. East Uttar Pradesh shelf, Gandak depression, 
Faizabad ridge. West Uttar Pradesh shelf, Sarda depression and Delhi 
Hardwar ridge 
This classification is based on continuation of major tectonic trends 
from the Peninsular shield into the Ganga basin, variation of total 
thickness in sedimentary cover and the basement Configuration as deduced 
from different surveys. 
Shukla et al , (1994) Classified the Ganga basin into two major 
sedimentary cycles separated by a pronounced unconformity, which include 
the pre-unconformity cycle and post-unconformity cycles The pre-
unconformity sequence is represented by Bahraich-Sahaspur cycle 
consisting of Bahraich group, Madhubani cycle comprising of Madhubani 
formation (Lower Vindhyan) and Puranpur cycle represented by Ujhani, 
Tilhar and Tanakpur formations (Upper Vindhyan) while the post 
unconformity cycle is represented by the Neogene mollasse. 
Recently, Pramanik et al , (1996) has given a more precise 
classification of the Ganga basin. The main tectonic elements of the basin 
are as follows (Fig 10) 
1. Delhi-Sargodha ridge 
2. Delhi-Hardwar ridge 
3. Bundelkhand-Allahabad ridge 
4. Shikohabad-Lucknow-Farenda ridge 
5. Zamamia-Sitamarhi ridge 
6. Monghyr-Saharsa ridge 
7. Sahaspur depression 
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9. Puranpur depression 
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Beside, there are major deep-seated faults, which not only control 
the basinal architecture but also control the sedimentation and post-
depositional structuring of the basin 
Delhi-Sargodha Ridge 
It is a northwest-southeast trending basement massif separating the 
Bikaner-Nagaur Basin from Punjab-basin The cratonic nature of this 
gently northwestward sloping ridge is also known from deep wells drilled 
in Punjab basin 
Delhi-Hardwar Ridge 
Delhi-Hardwar ridge represents a northeastward extension of the 
Delhi folded belt The western limit of the Ganga basin is probably 
delineated by Delhi ridge Delhi-Hardwar Ridge separates the metamorphic 
basement of the Punjab Plain from the Vindhyan of Uttar Pradesh and 
Bihar (Karunakaran and Rao, 1973) 
Bundelkhand-Allahabad Ridge 
Bundelkhand Massif essentially follows an east west structural trend 
up to Varanasi (Khar and Jokhan Ram, 1994) The cratonic basement 
outcropping at the southern fringe of the Ganga basin constitutes the floor 
for the sedimentary sequences developed in the Ganga basin 
Shikohabad-Lucknow-Farenda Ridge 
17 
This is east-west trending ridge with complex structural feature runs 
along Shikohabad-Lucknow-Farenda alignment with an easterly plunge. 
This ridge is essentially a product of the positive inversion of a 35km wide 
east west trending graben 
Zamania-Sitamarhi Ridge 
This is northeast-southwest trending ridge, which represents the 
eastward extension of Bundelkhand-Allahabad basement ridge The ridge is 
bounded by northwest-southeast faults On the northwestern flank the fault 
is the probable continuation of the Ganga fault, while the fault on the 
southeastern flank demarcates the Madhubani depression 
Monghyr-Sabarsa Ridge 
An extension of Satpura folded belt, separates the Vindhyan from 
the Gondwanas of Bihar It is the eastern limit of the Ganga basin 
Sahaspur-Depression 
It is manifested as a gravity low, is a relict Proterozoic-
intracratonic-pericratonic basin It got isolated from Bahraich depression 
following right lateral dislocation along Great Boundary/Agra-Tanakpur 
Fault 
Bahraich Depression 
This depression is an east-west trending superdeep intracratonic 
graben that developed during Early Proterozoic by rifting of Bundelkhand 
massif along Tundla-Bahraich axis around 1800 million years ago 
Puranpur Depression 
This depression initiated as a pull a part basin at around 1017 
million years coeval with the Delhi orogeny and genetically related to it 
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Gandak Depression 
This depression followed a similar pattern of development as in the 
case of Puranpur depression Rocks of Satpura folded belt probably form 
the basement of this depression The southeastern and southwestern margin 
faults of Puranpur and Gandak basins appeared to converge northward and 
probably constitute the southern margin of the succeeding pericratonic 
basin following northerly tilt The thickness of Gandak depression is 
greater than 6000m 
Madhubani Depression 
It is a narrow graben The basin initiated (1400 Ma) as a trans-
tensional rift. Zamania - Sitamarhi ridge separates it from the Gandak 
depression located towards northwest. 
SUBSURFACE GEOLOGY OF THE AREA 
The exploratory drillings were carried out by the Oil and Natural 
Gas Corporation (ONGC) and the Central Groundwater Board (CGWB), 
since past four decades in search of petroleum and groundwater in the 
Central Ganga Basin In a deep well drilled by the ONGC at Kasganj, the 
bed rock was encountered at a depth of 620 m b g 1 is a fawn coloured 
lower Bhander lime stone and further, down below the Bundelkhand 
granite was encountered at 2062m b g 1 The granite forms the Basement 
Complex in the Central Ganga basin, which is unconformably overlain by 
the Upper Vindhyan, Neogene Siwaliks, and the Quaternary alluvium 
respectively 
The geophysical and drilling investigations carried out by Oil and 
Natural Gas Commission have yielded stratigraphical informations 
pertaining to the sub-surface geological framework, which are as follows 
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Table-5 Vindhyaas in the Central Ganga Basin 
Wells 
Kasganj Structural Well 
Ujahani Deep Well 
Tihar Well 
Puranpur Deep Well 
Depth Interval 
(m) 
620-1250 
1010-2062 
1718-2225 
3175-4235 
Thickness 
(m) 
630 
1052 
507 
1061 
Age 
Upper Vindhyan 
Upper Vindhyan 
Upper Vindhyan 
Upper Vindhyan 
Based on the drilling data, sections are prepared and the 
stratigraphic correlation of the Vindhyan rocks and their equivalent in the 
Ganga basin are shown (Fig 11) 
Moreover, the two exploratory wells were drilled by the CGWB, 
around the study area, at Pasia Begumpur and Pilua had touched the bed 
rock at 336 meter and 425 meter below the ground level respectively. The 
bed rocks encountered at these two sites are gray coloured upper Bhander 
shale, which probably overlies lower Bhandar limestone. 
Finally, the Bundelkhand granite which forms the Basement Complex 
in the Central Ganga Basin is unconformably overlain by the upper 
Vindhyans of Upper Proterozoic age, i.e.. Upper Bhander grey shale and 
Lower Bhander fawn coloured limestone down to the Basement Complex. 
Further, these Upper Vindhyans are unconformably overlain by the 
Neogene Upper Siwaliks, which comprises alternate beds of shale and sand 
stone and is further upward overlain by the Quaternary alluvium (360 
meter thick). 
In the light of the above exploratory drilling data the sub-surface 
geology of the study area is as follows. 
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Age { Formation 
Quaternary 
Neogene 
Upper 
Proterozoic 
Archean 
Quaternary alluvium comprising 
alternate beds of sand and clay 
Alternate beds of Upper Siwalik shale 
and sand stone 
Upper V'indhyan shale and lime stone 
down to basement 
Bundelkhand granite-basement complex 
encountered at a depth of 2062 meters 
Thickness 
360 
260 
1442 
Finally, a brief geological history of the Ganga basin may possibly be 
as follows: 
The Bundelkhand granite, which is the oldest landmass in the 
northern India, was implaced around 3000 million years ago extended 
northward towards the Tethys, sloping about 3° due north The massive 
Bundelkhand craton underwent downwarping due to tectonic disturbances, 
giving rise to the very vast intracratonic basin where large scale deposition 
of the Bijawar group of rocks took place during the Upper Anefch'ean. 
Thereafter, it underwent post Bijawar faulting thus generating two 
depressions known as East and West UP shelves, and a northeast-
southwest trending horst known as Faizabad high. These depressions 
become the site of deposition for the Lower and Upper Vindhyans 
The Lower Vindhyans are very well preserved in the Madhubani 
Graben while the Upper Vindhyan are very well developed in the West UP 
shelf. The Vindhyan underwent erosion and peneplanation for about 500 
million years and thereafter the deposition of the Siwalik during Neogene 
took place After the severest phase of the Himalayan orogeny during the 
Mio-Pliocene period, the depression took a well defined shape which 
became the site of deposition of the Quaternary alluvium resulting in the 
present configuration of the Ganga basin. 
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HYDROGEOLOeV 
HYDROGEOLOGY 
Groundwater is the great hidden component of the hydrologic cycle 
comprising the most important natural resource of our planet The primary 
motivation for the study of groundwater is its importance as a resource 
(Freeze Cherry, 1979) Hydrogeology, a branch of earth science, deals 
with the mode of occurrence, distribution, movement and chemistry of 
water occurring in the subsurface in relation to geological environment 
forms the scientific basis for groundwater resource evaluation, 
development and management (Karanth, 97) According to Domenico and 
Schwartz (1990), Hydrogeology is the study of the laws governing the 
movement of subterranean water, the mechanical, chemical, and thermal 
interaction of the water with the porous solid, and the transport of energy 
and chemical constituents by flow 
In India, diversified geological formations, lithological variations, 
tectonic complexity, geomorphological and hydrometeorological 
dissimilarities give rise to different groundwater provinces which have 
their own characteristic groundwater regimes (Charlu & Dutt, 1982) One 
among them is the Indo-Gangetic unconsolidated province which forms the 
greatest repository of groundwater in India However, Ganga Basin is the 
largest groundwater basin of the Indo-Gangetic Plain Hence, an 
understanding of the hydrogeological setup of a basin, a sub-basin or a 
part of it is essential for any groundwater studies 
The hydrogeological investigation in an area aims to identify major 
water bearing units with their locations, lateral and vertical extents, their 
interrelationship, recharge and discharge areas, besides, determination of 
aquifer parameters like transmissivity, hydraulic conductivity, specific 
yield and storage coefficient, reserve estimation and groundwater quality 
Thus hydrogeology forms the basis for scientific source finding and 
the evaluation of sustained productivity of an aquifer (Karanth, 1993) 
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H>drogeoiogical Background oT the Ganga Basin in the State of the 
Uttar Pradesh 
ConventionaDy, the Ganga basin is divisible into five 
hydrogeological units viz (i) intermontane valley (ii) Bhabar zone (iii) 
Terai belt (iv) Central Ganga plain (v) Southern marginal plain 
However, at present it will be more appropriate to divide it into four 
broad hydrogeological units viz 
The Piedmont zone (Bhabar), Terai zone, the Central Ganga plain 
and the Southern marginal zone (Fig 12) 
Piedmont Zone (Bhabar) 
This highly porous and permeable zone lying immediately south of 
the outermost Himalaya extending in the northwest-southeast direction 
forms the hydrogeologic unit known as piedmont zone This is a 10-30 km 
wide, elongated, steeply south sloping composite fans merging gradually 
with the adjoining hydrogeologic unit of Terai due south This is highly 
transmissive belt comprising poorly sorted boulders, cobbles, pebbles, 
gravels and sand with only minor amount of clay It recharges all the 
deeper aquifers of the Ganga basin In this poorly stratified piedmont 
deposit, groundwater occurs under unconfined conditions The water table 
is generally very deep along the foothills and commonly ranges between 30 
to 50 m b g 1 but gradually becomes shallower in the down slope 
direction and finally emerges at the surface as a line of springs which 
demarcate its south limits or its junction with Terai Wells in this zone up 
to a depth of 160 meter generally yield 100 to 225mVhour for drawdowns 
ranging between 2 7 to 9 7 meters 
Terai Belt 
Sub-parallel to Bhabar there occurs the Terai zone, it is a northwest 
to southeast trending belt of 5-15 km width with gentle slope, constitutes 
the hydrogeological unit known as Terai belt The spring line forms its 
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Fig. 12 
Hydrogeological Division of Uttar Pradesh 
northern limit while the southern limit imperceptibly merges with the 
Central Ganga Plain This comprises sand, gravels and some pebble beds 
interlayered with the thick clay beds Factually the Terai deposits are 
derived from the Bhabar fans through flu\ial process In this belt 
groundwater occur both under water table and confined conditions Wells 
tapping confined aquifers shows both flowing and non-flowing conditions 
The Terai aquifers tapped by tubewells within the depth of 200m show the 
high yield potential in the range of 100-200mVhour 
Central Ganga Plain 
This vast alluvial tract, lying between the Terai belt in the north to 
left bank of the Yamuna up to Allahabad in the south and further eastward 
to the left bank of the Ganga forms the hydrogeological unit of Central 
Ganga Plain This unit is charecterised by a plain of very low relief and 
numerous depositional and erosional alluvial features This plain presents 
surfacially two distinct sub units The highlands or the composite flood 
plains and the low reverine areas or the meander flood plain (Dube & 
Hussain, 1991). The Central Ganga Plain is made up of well-stratified fine 
gravel, sand, silt and clay with the percentage of finer elastics 
predominating due east 
The sand and clay beds exhibit wide variations both in their lateral 
and vertical extensions, building up interconnected regionally extensive 
aquifer systems. The principle aquifers under lying the Central Ganga Plain 
attain considerable thickness ranging from few meters to as much as 300 
meters or more. Large capacity tubewells are feasible along the meander 
belts of major river courses The main water bearing formations lie within 
the depth range of 200 to 300 meters with very high discharges 
Southern Marginal Plain 
South of the Central Ganga Plain, bordering the Peninsular shield 
lies Southern Marginal Plain The proximity of the Peninsular shield has 
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set limitations to the thickness, nature and composition of the sediments 
Throughout this zone sediments generally have inconsistent thickness and 
lies within the depth range of 150 meters It is characterized by semi arid 
to arid climate with mostly poor quality water However, fresh water 
horizons, wherever the\ occur, only moderate capacity tubewells are 
feasible 
Thus the Ganga basin has a vast reservoir of groundwater in the 
alluvial deposits underlying the region The greater part of this basin is 
occupied by Central Ganga Basin This Central Ganga Basin is further 
divisible into several sub-basins and one of them is the Ganga-Kali sub-
basin The study area i e PATIYALI SUB-DIVISION is part of this 
Ganga-Kali sub-basin 
Formation of Alluvial Aquifers System 
Rivers and streams build thick alluvial deposits, which contain 
groundwater reservoirs Each year about 30% of rainwater return more or 
less directly to the world's ocean by rivers and streams As this water 
returns to the sea, it erodes the landscape, deposit sediments such as sand 
and gravel along river courses, (Fletcher, 1987) 
The varied flow regime in the Ganga river system and the 
depositional history of the Quaternary alluvial plain has led to the 
evolution of the aquifers in the fluvial system which is basically dependent 
upon the hydrodynamics of the flow regime, geological setting and 
topography of the terrain These depositional system are typically 
represented as the (i) Channel deposits (ii) Flood plain deposits (iii) Back 
swamp deposits 
Channel Deposits 
The channel deposits of the river Ganga as observed in the study 
area are thick and show fining upward sequence These deposits comprise 
coarse sand mixed with gravel through medium to fine sand to silt and 
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capped by a thin clay layer During the succeeding flood this top clay layer 
along with some fine sand layers are washed away and a fresh body of sand 
with the finning upward sequence is deposited thus forming a genuinely 
thick terrigeneous clastic deposit till the river changes its coarse due to 
some tectonic control These thick bodies of sand have formed most 
potential aquifers in the area 
Flood Plain Deposits 
Flood plain deposits are usually medium to fine grained well rounded 
and lenticular in shape The porosity is generally high and the hydraulic 
conductivity varies considerably depending on the average grain size 
These deposits are moderately thick and of limited areal extents, deposited 
over the flood plain These flood plain deposits form moderately potential 
aquifer in comparison to highly potential aquifer of channel deposits 
Backswamp Deposits 
Back swamp deposits are formed by the leftover flood waters in the 
low lying areas, where the suspended sediments get settled under the 
influence of gravity and form lensoid body of sand which is further 
overlain by thick clayey horizons Thus there occurs enclaves of sand 
bodies intercalated within the underlying and overlying thick clay beds 
Such bodies of sand form the low potential aquifers These aquifers are 
often pose quality problem 
Further, as the river changes its course, the position of channel, 
flood plain and back swamp deposits also changes with the passage of 
time That is why the bodies of sand and clay do not occur continuously 
except under extra ordinary conditions 
Thus, the lithologicai variations in alluvial deposits of the Central 
Ganga Basin are attributed to their mode of deposition by the constantly 
shifting nature of the Ganga river system 
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HYDROGEOLOGICAL FRAMEWORK 
Aquifer Geometry 
The aquifer geometry is mainly controlled by the changes in the river 
system, depositional history of alluvial plain and bed rock topography 
(Khanna, 1992) By aquifer geometry means length, width, thickness and 
its vertical and lateral extensions, (Walton 1972) 
Information about the sub-surface lithological configuration has 
been obtained down to a maximum depth of 163m b g 1 by the lithological 
logs of the bore holes drilled by the state tubewell department (Appendix-
" ) 
On the basis of these bore hole data, a fence diagram (Fig 14) and 
eight hydrogeological cross sections along the A-B, C-D, E-F, G-H, I-J, 
K-L, M-N, and 0-P, [Fig 15 (a to h)] were drawn in order to ascertain the 
vertical and lateral disposition of the aquifer system in the area 
On close observation it appears that these aquifers which have 
intercalation of thin and often thick clay beds which pinches out laterally, 
by and large represents a single aquifer system down to 163 m depth The 
granular zone underlain top clay bed predominates over the low 
permeability horizons It was observed that the thickness of the clay beds 
increases all the more due east However, all along the right bank of the 
old channel of the river Ganga the thick clay beds predominate over the 
granular zones The top clay bed appears persistent in the entire study area 
except at few places along the Ganga bank 
The Granular zone consists of fine to medium sand at the shallow 
depth, which become slightly coarser with the increasing depth 
Cross Sections 
Along A-B cross section sub parallel to the right bank of the Ganga 
river, there appears to be a single aquifer system interleaved with the two 
clay lenses These two clay lenses pinch out after some distances due east 
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Fence Diagram of the Study Area 
no DEPTH (M) 
Fig 14 
and west respectively However, lower clay bed attain sizable thickness of 
30 meters as encountered at village Miaun and Bahora which gradually 
decreases laterally due east and pinches out due west. 
Along C-D section drawn along the right bank of the abandoned 
channel of the Ganga where, on the western side the granular zone is found 
in rapid alternation with the pinching out clay beds, except the middle one 
which is persistent all through the section and attains a sizeable thickness 
of around 40 meters between Behrozpur and Nawada wells, which finally 
pinches out due east. By and large this section also depicts the single 
aquifer system inter-bedded with pinching out clay beds. 
Along E-F cross section drawn in ENE-WSW direction cross cutting 
A-B and C-D. Barring few clay lenses there appears to be a single aquifer 
system down to a depth of 130 meters. But the clay predominates over 
granular zones. At Azizpur well where the lower clay bed attains a sizeable 
thickness of 45 m but it finally pinches out due west and decrease to 20 m 
thickness due east. 
Further, along G-H cross section from Pilkhuni up to Jaidhar it is 
observed that there occurs a single aquifer system down to 130m b.g.l. 
with minor clay lenses. However, clay appears to attain sizeable thickness 
of 38 m but finally it pinches out due southwest, though the scenario 
remains more or less same. 
Along I-J section which runs north to south, the situation is more or 
less, similar to the one observed along G-H section with the difference that 
the lower clay bed attains a maximum thickness of 43 m and persist all 
along the cross section and subdue the granular zone. 
Along K-L section sub-parallel to Kali river it is observed that 
below the top clay bed there occurs a single aquifer system down to 100m 
depth b.g.l. as observed in the Kheria well. However here too. due 
southeast, the granular zone is found interleaved with pinching out clay 
lenses. 
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The M-N section also displays similar set up as in the K-L section 
thus depicts a single aquifer system down to 100 meter depth b.g.l. as 
observed in Kheria Patti bore hole. Further in M-N section also, clay 
lenses are found intercalated within the granular zone and they are not 
very persistent Finally, along 0-P cross section it is observed that below 
the top clay bed, the granular zone is persistent and attains a thickness of 
about 72 meters in the middle but further down, it is observed inter-bedded 
with 40 meters thick clay bed below which, a granular zone again appears 
and attain a thickness of 40 meters as observed in Nawada well. However, 
at the northeastern and southwestern ends, the granular zone is found in 
rapid alternations with the clay lenses. The study shows that by and large a 
single tier aquifer system occurs down to a depth of 163m b.g.l. However, 
the granular zones are occasionally found interleaved with clay lenses, 
except at few places where clay beds also attain sizeable thickness but 
finally pinches out or undergoes a decrease in the thickness. The 
predominance of granular zones represents the channel and flood plain 
deposits but wherever the clay beds are observed in rapid alternation with 
granular zones, are the simple manifestation of the back swamp deposits. 
The aquifer materials generally consist of fine to medium gray micaceous 
sand occasionally mixed with coarse sand which comprises about 65-70% 
of the total formation encountered down to a depth of 163m. b.g.l. 
However, the sand clay ratio changes along the old channel of the river 
Ganga where thick clay beds occurs in rapid alternation with the sand 
bodies. 
Sand Percent Map 
Sand percent map (Fig. 16) from the aquifer material encountered 
down to the depth of 100m has been prepared to identify their thickness 
and their lateral extents. For the purpose, the area has been divided into 4 
sand percent zone viz. (i) <40% (ii) 40-60% (iii) 60-80% (iv) >80% 
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Fig. 16 
Sand Percent Map 
The value of sand percent varies from place to place in the study 
area A perusal of the sand percent map shows that in the area lying 
immediately west and south of the river Ganga extending down to the 
southern end of the study area, shows sand percent values ranging between 
60-80% 
There are comparatively few isolated small patches which show sand 
percentage varying between 40-60 percent and >80percent respectively 
Further west, there occurs a circular patch which shows sand 
percent values ranging between 60-80% Finally in the middle of the area 
a stretch is observed which shows a sand percent zone of more than 80 
percent 
Summing up, it is observed that the largest part of the study area 
fells under the 60-80 sand percent zone which is followed by 40-60 percent 
and >80 percent zones 
Mechanical Analysis of the Aquifer Material 
Careful investigations have established the fact that the grain size 
distribution of the sands and gravels that make up the alluvial deposits of 
water bearing materials are not haphazard occurrences The purpose of 
mechanical analysis of the sediments is to obtain graphic or numerical data 
about particle size in order to determine the transmission properties of the 
porous media where the size, shape, degree of sorting and interconnection 
of pore spaces govern the hydraulic transmission of ground water through 
an aquifer. Accordingly an understanding of the hydraulic transmission 
characteristics becomes an essential pre-requisite for any ground water 
studies 
Hydraulic conductivity K of an aquifer is known to depend both 
upon the fluid properties and properties of the transmitting medium 
The fluid properties like density and viscosity remain reasonably 
constant while the medium properties vary with differing geologic 
environments, so the hydraulic conductivity may be considered to be a 
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function of the properties of the medium alone (Masch, 1966) The medium 
properties include size, shape, structure, degree of compaction and grain 
size distribution 
Earlier workers attempted to relate properties of the aquifer 
materials to the transmitting capabilities of the porous media which are as 
follows 
Wenzel (1942), Brinkman (1949) and Stalkman (1969) used varied 
empirical formulae for a preliminary evaluation of permeability (K) of 
unconsolidated material They related K with texture (sand, silt and clay 
ratio) and some critical size parameter like dlO (effective size) and d50 
(median grain size). 
Of the various empirical formulae, Hazen's (1893) empirical formula 
is commonly used, which is as follows: 
K cdfo(0.70 + 0.03t) 
where, 
c = a constant having a value ranging from 1200 for very 
uniform clean sand to 400 for very closely packed sand. 
T - Temp of water in °C 
Dio = Effective grain size in mm 
K is expressed in m/day 
Krumbein and Monk (1942), studied the effect of both particle size 
and sorting in artificially mixed sand and expressed their result in the 
following equation. 
K= 760 d^  e* " o 
where, 
K = Permeability in darcy's 
d = Geometric mean diameter 
e = Dimension less constant 2.718 
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o = Log standard deviation of size distribution which is 
dimension less 
760 = A constant for the conversion of permeability units to 
Darcy 
Bedinger (1961), correlated the laboratory permeability values with 
the median grain size diameter and found that a straight line relation 
existed between the logarithm of the permeability and the median grain 
size diameter The result obtained thus revealed that the permeability 
expressed in gal/ft^/day ranged from 9000 for very coarse sand to 10 for 
vary fine sand 
Johnson (1963) worked out a similar experimental work like 
Bedinger Pruess and Todd (1963) tried to relate th-e specific yield to 
several physical properties of the sediment samples including 
representative grain size diameter and a uniformity coefficient As a result, 
they found that the median grain size was best studied as a measure of 
representative grain diameter while the uniformity coefficient (CU) used to 
describe the grading or the particle size distribution in the aquifer 
material The uniformity coefficient (CU) is an average slope of the 
grading curve between 10% and 60% sizes and is given as 
CU = ^ 
Deo = Grain size of 60% finer by weight 
Dio = Effective grain size or the grain size of 10% finer and 90% 
coarser by weight 
The result of this work indicate that 
i) maximum value of specific yield occurred for d50 between 0 4 to 
0 5mm 
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ii) the specific yield decreased for the values of d50 out side the 
range, 
iii) they also concluded that in general, the specific yield decreases 
as the magnitude of Uniformity Coefficient (CU) increases. 
Cohen (1963) carried out a study similar to Preuss and Todd and found 
similar results. Masch (1966) concluded that the permeability value 
increases with increasing values of the medium grain diameter (d50). 
Karanth (1996) concluded that Effective size and Median size of 
unconsolidated sediments can be used to make a preliminary evaluation of 
hydraulic conductivity and specific yield. 
Uma et al., (1989) has given a statistical method for the grain size 
to evaluate the hydraulic conductivity (K) of the sandy aquifer. 
The new equation is as follows 
K =Ad;=, 
where, K = Hydraulic Conductivity 
A - Constant 
dio = effective grain size 
Here, the value of A is established as 6 for sandy aquifer. 
For present study, sand samples were collected from the water well 
drilling sites. Besides, samples were also collected from active channel of 
the Ganga and Kali rivers. These samples were mechanically analyzed in 
the laboratory of the Departmental of Geology, AMU., Aligarh. 
The testing equipments used for the analysis included 
i) Oven for drying up the sample, 
ii) A set of standard testing sieves (Mesh number, 20, 25, 35, 45, 
60,80,120,170 cent pan), 
iii) Sieve shaker, 
iv) Balance for weighing the samples. 
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Procedure 
A representative sample of 200 gram was taken and all the samples 
were dried The dried samples were well mixed and cut down by coning 
and quartering methods so that the reduced samples to be placed in the 
sieve will contain the same proportion of each size of particle as the 
original large sample Thereafter, lOOgm of each sample was poured into 
the top sieve and covered with lid and whole nest was shaken through 
electrically operated sieve shaker for 15 minutes, and materiel retained 
into each sieve was weighed Data thus obtained were statistically analyzed 
(Appendix-Ill) The cumulative weight of the particles retained in each 
sieve is then plotted as a percent of the total samples weight against grain 
size diameter in millimeter, thereafter the grading curve were plotted on 
semi-log paper [Fig. 17 (a to d)] and the following parameters determined 
(i) Effective Size (dio): The term effective grain size was given by Allen 
Hazen in his studies of filter sand (1893) which he defined it as the 
particle size where 10% of the sand is finer and 90% coarser It is 
accepted that dlO is the most important parameters among those 
governing the permeability parameters of a medium (Marsily, 1986) 
(ii) Uniformity Coefficient: The general slope and shape of distribution 
curve can be described by means of coefficient of uniformity (Craig, 
1986) in the other words, the uniformity coefficient is the average slope 
of the grading curve between 10% and 60% and is given by 
CU = ^ 
where, Cu is uniformity coefficient 
It gives an idea of grading of particle size distribution in the 
materiel where the lower values (<2) indicate more uniform material or 
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Grading curve of the aquifer samples [Fig. 17(a)] 
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Grading curve of the Ganga sediments [Fig. 17(b)] 
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Grading curve of the Kali sediments [Fig. 17(c)] 
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poor grading, while the higher values indicate well graded but less uniform 
materiel and an indicative of lower porosity (Raghunath, 1987) 
In general the grain size distribution curve shows at a glance how 
much of the sample materiel is smaller or larger than a given particle size 
Hydraulic Conductivity 
Hydraulic conductivity was evaluated using Uma et al , (1989) 
formula, which is as follows 
K = Ad?, 
Where, K = Hydraulic conductivity 
A = Constant 6 
Dio = Effective grain size 
Table - 6 Shows the values of the effective size, uniformity coefficient 
and hydraulic conductivity of the aquifer material and river sediments 
Location 
Manka Nagla 
Nagar Kanchanpur 
Lower Ganga 
Canal 
Kodar Tal 
Mohanpur (50 feet) 
Gangpur (18 feet) 
Gangpur (35 feet) 
River Ganga 
(Shahbazpur) 
30 cm 
90 cm 
Effective 
Grain 
Size 
(mm) 
0 130 
0 089 
0 093 
0 088 
0 134 
0 094 
0 091 
0 129 
0 145 
Uniformity 
Coefficient 
1 69 
1 82 
2 04 
2 38 
1 45 
1 78 
1 89 
1 51 
1 80 
Hydraulic 
Conductivi 
ty ( e m s ' ) 
0 101 
0 047 
0 051 
0 046 
0 107 
0 053 
0 049 
0 099 
0 126 
Hydraulic 
Conductivit 
y (m/day) 
87 26 
41 06 
44 06 
39 74 
92 44 
45 79 
42 33 
85 54 
108 86 
50 
River Kali 
(Shyampur) 
30 cm 
60 cm 
90 cm 
River Kali (Road 
Bridge) 
Old channel of 
Ganga 
0 077 
0 074 
0 075 
0 089 
0 095 
1 89 
2 1 
2 09 
1 71 
1.82 
0 036 
0.033 
0.034 
0.047 
0.057 
31 10 
28 51 
29 38 
40 60 
46 65 
A perusal of the above table shows that the effective grain size of 
the aquifer materiel ranges between 0 88mm to 0.134mm, which shows that 
the sand size ranges between medium to fine The effective grain size of 
the Ganga sediments ranges between 0.129mm to 0.145mm and that of the 
Kali sediments ranges between 0.074mm to 0.077mm which reveals that 
Kali sediments are finer than the Ganga sediments. 
The uniformity coefficient values of the aquifer materiel ranges 
between 1.45 to 2 38 which reveals that except at Kodar all the samples 
shows uniformity coefficient values less than two (CU<2) which indicate 
high porosity. The Uniformity Coefficient values of the Ganga sediments 
ranges between 1.51 to 1 80 and that of the Kali sediments, varies between 
1 89 to 2 09 which too indicate the higher porosity of the sediments 
However, in one sample of the river Kali where Uniformity Coefficient was 
recorded >2, an indicative of less porous sediments 
The hydraulic conductivity of the aquifer material ranges between 
39.74 m/day to 92 44 m/day. The hydraulic conductivity of the Ganga 
sediments ranges between 85.54 to 108.86 m/day and that of Kali 
sediments ranges between 28 51 to 31 10 m/day. The above result shows 
that the hydraulic conductivity of the Ganga sediments is much more than 
that of the River Kali sediments 
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GROUNDWATER HYDROLOGY 
Groundwater hydrology deals with occurrence and movement of 
groundwater The two chief function of an aquifer or groundwater bearing 
zone is 
(i) To store water to the extent of its porosity 
(ii) To transmit water from recharge areas to discharge areas 
The entire behavior of groundwater regime of an area can very well 
be understood from the trends of water table and its gradient, the depth to 
water level during post and pre-monsoon periods and the seasonal 
fluctuation in the water level recorded from the observation wells 
Depth to Water Level 
A depth to water level map gives at a glance picture of the 
variations of the depth to water in the entire area In an unconfined aquifer 
the water table is the upper surface of the zones of saturation where, 
hydrostatic pressure is at par with the atmospheric pressure and may be 
defined as the water column which stands in a well penetrating the aquifer. 
The water level standing in the dugwells are considered accurate enough to 
represent the water level in the area (Fetter, 1980). 
The depth to water level map depicts the regional variation of depth 
to water level in an area or in other words it depicts the inequalities in the 
position of water level with respect to ground surface. 
The recharge and discharge areas are deciphered accurately enough 
by the water table maps. Recharge area is characterized by the deeper 
water table where as the shallow water table indicates discharge area 
(Fetter, 1980) 
Depth to water level in the study area is influenced by various 
factors like, topography proximity of drainage channels and surface water 
bodies. Generally, shallow water levels are observed in topographic 
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depression and proximal to surface water bodies like canal networks, and 
deep water table along the physiographic divides 
The depth to water lex el map of the area under investigation has 
been prepared, using water level data collected from the evenly spaced 
observation well network (Appendix-IVA & IVB) the water level maps for 
the pre-monsoon and post-monsoon period were prepared for the 
observation year 1996 and 1997 respectively Fig 18(a) and 18(b) show 
the depth to water level for the pre-monsoon (June 1996 & 1997) and 
19(a) and 19(b) shows the depth to water level for the post-monsoon 
period (November 1996 & 1997) 
Pre-Monsoon Depth to Water Level 
(June 1996 and 1997) The depth to water level map depicts the 
variation of water level in the entire area In view of the large variation 
observed in the water levels, the study area has been divided into six 
zones, viz (i) < 2m (ii) 2-4m (iii) 4-6m (iv) 6-8m (v) 8-10 (vi) >10m b g 1 
[Fig 18(a) &(b)] 
The deepest water level 10 65m and 10 85m were recorded at the 
south eastern end of the area at village Aurangabad, while the shallowest 
level 1 77 and 1 80 m b g 1 were recorded in Chanhka village along the 
Lower Ganga Canal during the years 1996 and 1997 respectively 
A perusal of the map shows that in the low valley of the Ganga 
which is in general a topographic low where the water level generally 
ranges between 2-4 meter b g 1 except at places which are the remnant 
upland where it is observed to range between 4 to 6 m b g 1 Further the 
Lower Ganga Canal which passes over the physiographic divides, and the 
rampant seepage through the canal beds into the top aquifers lying below 
has resulted into shallow water table all along the stretch where depth to 
water level ranges between 1 77m b g 1 to 3 50m b g 1 
The excessive seepage through the unlined canal beds as a 
consequence of which the general water table in the area along the canal 
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Fig. 18(a) 
Depth to Water Level Map June 1996 
Fig 18(b) 
Depth to Water Level Map June 1997 
has progressively been rising Further, in the area close to the river Kali, 
relatively deeper water levels are observed Moreover, the area lying 
between the Lower Ganga Canal and Kali river, the water level generally 
ranges between 2-4 and 4-6 m b g 1 Similarly, in the tract between the 
old channel of the Ganga and the canal the water level ranges between 4-
6m b g 1 However, a comparatively deeper water level zone ranging 
between 8-10 m b g 1 are observed at the right bank of the old channel in 
the extreme south eastern side of the area Here the water level has been 
showing a declining trend due to heavy withdrawal of groundwater through 
the shallow tubewells for irrigation This is so because as there is no canal 
in this tract It is interesting to note that while the western upland is 
facing an acute water logging problem due to excessive seepage, the south 
eastern upland is beset with the declining trend of the water level 
The table below shows the percentage of wells falling in different 
depth zones 
TABLE - 7(a) Depth to Water Level (June 1996 And 1997) 
Year 
1996 
1997 
No. of 
wells/ 
Perce 
ntage 
188 
187 
Average 
DEPTH TO WATER RANGE (m) 
<2 
3 
I 6% 
2 
1.6% 
1.6% 
2 - 4 
87 
46 28% 
85 
45.4S% 
45 87% 
4 - 6 
77 
40 96% 
80 
42 78% 
41 87% 
6 - 8 
16 
8 5% 
13 
6.95% 
7.72% 
8 - 10 
2 
1 06% 
3 
1 6% 
1 33% 
>10 
3 
1 6% 
3 
1 6% 
1 66% 
From the above table, it is clear that major part of the area is 
covered by 2-4 and 4-6 m depth zones 
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Post Monsoon Depth to Water Level 
Fig 19(a & b) show the depth to water level of the post monsoon 
(Nov, 1996 & 97) A perusal of th'e post monsoon depth to water level 
maps show that the shallowest water level 0.96m and 1.04m, during 1996 
and 1997 were recorded at Chanhka village which is located close to the 
Lower Ganga Canal, while the deepest water level, 10.20m and 10.35 m. 
b.g 1 were recorded at village Aurangabad in the south eastern upland. 
A comparative study of the post monsoon depth to water level maps 
for the period 1996 and 1997 shows that the depth to water level ranging 
between 2-4 m b g I covers larger part of the area through pushing the 4-
6m depth zone of pre-monsoon water level to further south west close to 
the river Kali and similarly in the eastern upland too, the pre-monsoon 4-
6m zone is pushed further eastward. However, an isolated patch is 
observed close to the old channel where the depth to water ranges between 
4-6m b g.l A large linear patch along the bank of the Lower Ganga Canal 
depicts depth to water level as less than two meter below the ground level. 
Shallow water table leading to swampy conditions during and after 
monsoon season is characteristic feature of the Lower Ganga Canal 's 
command areas 
The Table-7(b) below shows number and percentage of wells falling 
in different depth to water zones 
TABLE - 7(b) Depth to Wate r Level (Nov. 1996 and 1997) 
DEPTH TO WATER RANGE (m) 
Year No. of 
wells 
<2 2 - 4 4 - 6 6 - 8 8-10 >10 
1996 188 
Percen 
tage 
25 
13.30 
131 
69.68% 
20 
10.64% 
8 
4 .53% 
3 
1.60% 
1 
0 53% 
1997 187 
Percen 
tage 
28 
14 97 
128 
68.45% 
19 
10.16% 
8 
4 28% 1 6% 
1 
0.53% 
Average^ 14 14% 69.07% 10.40% 4.40% 1.60% 0.53% 
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Fig 19 (a) 
Depth to Water Level Map November 1996 
Fig 19 (b) 
Depth to Water Level Map November 1997 
From the above table it is seen that 69% wells fell under 2-4 m 
b g 1 zone A simple comparison between the pre and post monsoon depth 
to water shows that the percentage of 2-4m depth to water zone increases 
b> 23°o during post monsoon However, a decrease by 30 4% in the values 
of wells recording the depth to water level in the range of 4-6m zone is 
also observed 
A comparison of pre and post monsoon maps during the observation 
year 1996 and 1997 shows more or less similar pattern of depth to water 
levels 
Water Level Fluctuation 
The difference between successive rise and fall in the water level in 
observation wells during a year is called fluctuation, where rise is due to 
the recharge and fall because of the discharge 
The measurement of water level fluctuations in observation wells is 
an important facet of groundwater studies (Freeze & Cherry, 1979). 
Differences in the quantities of groundwater supply and disposal in specific 
time interval results in changes in storage and fluctuations of groundwater 
levels A rise in water level indicates that accretion to groundwater 
storage is taking place, similarly, a decline in the water level indicates that 
the groundwater in storage is being depleted (Karanth, 1997) 
Water level fluctuations can result from a wide variety of hydrologic 
phenomena, some natural and other induced by man In many cases there 
may be more than one mechanism operating simultaneously and if 
measurement are to be correctly interpreted, it is important to understand 
the various phenomena These may be rainfall infiltration to the water 
table, air entrapment during groundwater recharge, bank storage effects 
near streams, atmospheric pressure effects, groundwater pumpage, seepage 
through canal beds, agricultural irrigation and drainage (Freeze & Cherry, 
1979). Near streams the water level fluctuates in response to changes in 
the river stage. The magnitude and extent of fluctuations depends on the 
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relative head differences between groundwater and surface water levels, 
slope of the water table, permeability and specific yield of the materials 
The magnitude of water level fluctuation depends also on climatic 
factors, drainage, topography and geologic conditions 
Water level fluctuation in response to precipitation is comparatively 
greater in the uplands, corresponding to recharge areas than in lowlands 
and valley bottoms, corresponding to discharge areas 
Under water table conditions, the fluctuation is largely due to actual 
movement of water into and out of the aquifer Water level responds to the 
alternating series of wet and dry years, in which recharge from 
precipitation is above or below the mean (Walton, 1970) Fig 20(a & b) 
shows water level fluctuation in the study area The fluctuations are 
represented by way of contours of water level difference in pre and post 
monsoon water level for the period of June and November 1996 and 1997 
respectively The difference of groundwater level shows a seasonal pattern 
of fluctuations 
A perusal of the fluctuation maps show a varied pattern of 
fluctuation ranging between 0 31m to 2 39m and 0.23 to 2 54m all over the 
area in the year 1996 and 1997 respectively And accordingly, keeping an 
interval of 0.5m fluctuation, the study area has been divided into five 
distinct fluctuation zones. 
Fig 20 (a) 
Water Level Fluctuation Map 1996 
Fig 20(b) 
Water Level Fluctuation Map 1997 
The table below gives the percentage of wells falling in different 
fluctuation zones 
Table - 8 Pre and Post Monsoon Water Level Fluctuation 
FLUCTUATION RANGE(m) 
Years 
1996 
1997 
Observation 
wells/ 
percentage 
No. of 
Observation 
wells 
Percentage 
No. of 
Observation 
wells 
Percentage 
Average 
0 - 0.5 
14 
7.45% 
9 
4 .81% 
6.13% 
0 . 5 - 1.0 
75 
39.89% 
68 
36.36% 
38.12% 
1 . 0 - 1.5 
77 
44.96% 
87 
46.52% 
45 74% 
1.5- 2.0 
19 
10 11% 
21 
11.23% 
10.67% 
>2.0 
3 
1.60% 
2 
1 07% 
1 34% 
The above table shows that 0.5m zone covers 6%, 0 5-1 Om zone 
covers about 38% and that of 1-1.5m zone about 46%, 1.5-2 0 covers 11% 
and >2m zone about 1 3% of the study area. 
The largest part of the area is covered by 1-1.5m fluctuation zone 
followed by 0.5-lm zone and the rest of the zones are observed in patches 
spread all over the area The lowest fluctuation is recorded as 0 23 meter 
at the southeastern end where as the highest 2.54 meter is observed near 
the southern eastern end of the area This may be attributed to the 
predominance of the low permeability horizons in the first place and the 
predominance of the granular zones over the impervious beds in second 
case. The variation of fluctuation in the low valley close to right bank of 
the Ganga is probably due to the rampant recharge through the flood water 
during the high stage of the river into a highly porous and permeable 
granular zone which is also substantiated by the sand percent map All 
along the Lower Ganga Canal, which passes along the crest of the central 
uplands, the fluctuation ranges between 0.5 to 1.00m This low fluctuation 
is due to the continuos canal seepage into the top aquifer Finally, the 
^8 
study shows a distinct lithological control in the distribution of various 
fluctuation zones all over the area. The least fluctuation is observed in the 
area where there is predominance of low permeability horizons, and the 
maximum is observed where the granular zone predominates over the 
clayey formations. 
GROUND WATER MOVEMENT 
Water Table Contour Maps 
The water table contour maps are used to decipher the groundwater 
flow direction, area of recharge and discharge, hydraulic gradient and 
nature of the river and stream draining the area. In water table contour 
map, convex contour indicates an area of ground water recharge while 
concave contours are associated with groundwater discharge (Todd, 1980). 
Further, the divergence of flow lines indicate a recharge area whereas the 
convergence of flow lines depict the discharge area (Fetter, 1980) In a 
water table contour map, an area with closely spaced contour depicts a low 
permeability horizons and steep gradient whereas well spaced contour 
shows an area of high hydraulic conductivity and flat gradient. 
Methodology 
The pre-monsoon (June 1996, 1997) water level data of the 
observation wells were collected, processed and analyzed The altitudes of 
water levels with reference to the mean sea level (reduced level) were 
determined and plotted and water table contour maps were prepared with 
contour interval of one meter. 
Form and Slope of Water Table 
A perusal of pre-monsoon water table contour maps [Fig 21 (a & b)] 
show that the elevation of water table ranges from the 165 meters above 
the mean sea level in the north west to 142 meters above the mean sea 
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Fig 21(a) 
7ff"50 ^55^ 79°'0 " f ^ 
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|5' ijj? 
WATER TABLE CONTOUR 
WITH Flow DIRECTION, 
78°! 50' 
Water Table Contour Map June 1996 
Fig 21(b) 
Water Table Contour Map June 1997 
level (a m s 1 ) in the south east direction respectively Accordingly, it 
appears that the regional groundwater flow in the study area is from 
northwest to southeast direction This flow direction is in conformity with 
the regional groundwater flow in the Central Ganga Basin 
Besides, varied local flow directions were also observed Which 
may be attributed to some local factors In the north groundwater flows 
from southwest to northeast directions towards the river Ganga which 
shows that the Ganga all along its right bank behaves as an effluent river 
In the southern part of the study area, tract lying between the Lower 
Ganga Canal and the Kali river, it is observed that the groundwater flows 
from north due south towards the Kali river depicting it too as an effluent 
stream Further, in the stretch between the Lower Ganga Canal and the 
abandoned channel groundwater flows from southwest due northeast 
direction into the old channel, showing it too as effluent in nature 
Summing up, while the regional groundwater flow direction is from 
northwest to southeast, there are multiple directions of groundwater flows 
towards the river streams draining the area 
These flows clearly indicate that Ganga and Kali rivers which forms 
the northern and southern boundaries of the study area and also the 
abandoned channel of the Ganga which traverses across the area due south 
east, appear to be effluent in nature 
Contour maps of (1996 and 1997) the area shows that there are 
eight groundwater mounds of which six mounds are observed on the right 
and left sides of the Lower Ganga Canal These mounds were formed as a 
result of the excessive seepage from the canal into the top aquifers below 
the canal beds Two more mounds are observed between the old channel 
and the Ganga river, a manifestation of groundwater accretion during the 
high stage of the Ganga in the monsoon season 
Moreover, two troughs are observed in the southeastern end of the 
area These troughs have probably developed due to the excessive 
withdrawal of groundwater, much higher than the quantum of the average 
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Fig. 22 (a) 
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Water Table Contour Map November 1996 
Fig. 22 (b) 
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Water Table Contour Map November 1997 
annual recharge This is substantiated by the declining water level at the 
rate of 0.19 m/year as observed in the hydrograph station located at 
Daryavganj. Moreover, another lone trough is also observed at the 
southwestern end of the area, which is also supported by the falling water 
level in the area due to large scale groundwater withdrawal as groundwater 
is the only source of water supply Further, closely spaced contours are 
seen in the area between the Lower Ganga Canal and the right bank of the 
old channel which clearly indicate an occurrence of a low permeability 
horizons and steep gradients In this stretch the hydraulic gradient varies 
from 1.64 m/km to 6.5m/km All over the area, generally, contours are 
comparatively widely spaced which show high hydraulic conductivity and 
flat gradient, which varies from 0.24 m/km to 0 59 m/km. 
Post Monsoon Water Table Contour Map 
Fig. 22(a & b) show the post-monsoon water table contour maps for 
the year 1996 and 1997. The post-monsoon contour maps remain more or 
less same as the pre-monsoon water table contour maps of the respective 
years, except the fact that the trough which developed in the pre-monsoon 
period (1996), at the western end disappears during the (1996) post-
monsoon. However, the two troughs at the southeastern end persist even ir 
the post-monsoon periods of 1996 and 1997 respectively. 
Piezometric Surface Map 
A piezometric surface map of the study area (Fig.23) has been 
prepared utilizing the piezometric heads of the deep state tubewells A 
comparative study of the piezometric surface map and the water table 
contour maps show that the pattern of the piezometric surface level 
contours is very much similar to that of water table contour maps [Fig 
21(a & b)], [Fig. 22(a & b)] which reveals that the water table aquifers are 
in hydraulic continuity with the immediately underlying semi-confined 
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Fig. 23 
Piezometric Level Map June 1996 
aquifers all over the area Appendix-V shows the values of piezometric 
heads of the deep state tubewells in the study area. 
LONG TERM BEHAVIOR OF WATER LEVEL 
Hydrographs 
For good water management practices data of groundwater storage 
are obtained by periodic measurement of depth to water level over a 
decade. The long term behaviour of groundwater levels in space and time 
are very well indicated by the observation well hydrographs Eleven 
hydrograph stations were selected for this purpose. 
The water levels of the hydrograph stations (Appendix - VI) were 
utilized for preparing continuous hydrographs of the observation wells for 
studying their long term behaviors with respect to time and space and their 
dependence on natural phenomena. The hydrographs for a period starting 
from 1985 to 1996 were prepared [(Fig 24 (a to k)]. 
A perusal of the hydrographs indicate that the water level 
fluctuations are cyclic and sinosoidal in nature as a function of time and 
space. It is observed that water level start rising, with the onset of the 
southwest monsoon in the second week of June and attains shallowest level 
in November. Every year, from November onward, there is a sharp decline 
in water level but from January onward these recessions in water level is 
very slow indicating, a natural groundwater discharge through steady sub-
surface outflow in harmony with the regional groundwater movement 
The rainfall is the main input, besides, the canal seepage causes rise 
and fall during the pre-monsoon and post-monsoon periods. Here for which 
the table depicting the hydrographs for the observation wells 
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Hydrograph of the Permanent Network Station (Sidhpura) 
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Hydrograph of the Permanent Network Station (Bakawali) 
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Hydrograph of the Permanent Network Station (Sarawal) 
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Fig. 24(c) 
Hydrograph of the Permanent Network Station (fatehpur) 
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Fig. 24(d) 
Hydrograph of Permanent Network Station (Kalani) 
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Fig. 24(e) 
Hydrograph of the Permanent Network Station (Patiyali) 
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Fig. 24(f) 
Hydrograph of the Permanent Network Station (Daryavganj) 
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Hydograph of the Permanent Network Station (Nawada) 
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Hydrograph of the Permanent Network Station (Ganjdundwara) 
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Hydrograph of Permanent Network Station (Shahbazpur) 
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Fig. 24(k) 
TabI 
S. 
No. 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
e- 9 1 he Details of the Various Hydrographs 
Hydrograph 
Observation 
Stations 
Sidhpura 
Bakawali 
Sarawal 
Fatehpur 
Kalani 
Patiyali 
Daryavganj 
Nawada 
Ganjdundwara 
Bahora 
Shahbazpur 
Water 
Level in 
Meter 
B.G.L. 
June 
1986 
4 81 
6 55 
2 95 
3 05 
2 51 
6 24 
4 14 
9 05 
4 67 
3 66 
3 75 
Water 
Level in 
Meter 
B.G.L. 
June 
1996 
7 06 
8 02 
-
3 28 
3 26 
5 95 
6 15 
9 62 
3 72 
-
4 40 
Rise / 
Fall in 
Water 
Level 
over a 
Decade 
-2 250 
-1 470 
-
-0 230 
-0 750 
+0 290 
-0.201 
-0 570 
+0 950 
-
-0 650 
Inference Rate 
of Rise / Fall 
per year in (m) 
Fall in water 
level(a) 
~ 204m/year ( 
Fall in water 
level 
0 134m/year 
-
Fall in water 
level 020m/year 
Fall in water 
level 
0 068m/year 
Rise in water 
level 026 
m/year 
Fall in water 
level 
0 183m/year 
Fall in water 
level 
0 051m/year 
Rise in water 
level 09m/year 
-
Fall in water 
level 
0 06ni/year 
The above table shows rise and fall of water levels over a decade 
(1986-96) Most of the hydrographs shows declining trend, ranging from 
0 21 m/year to 0 02m/year The maximum declining level (0 20m/year) was 
recorded at Sidhpura The rising trend of water levels were observed at 
Patiyali and Ganjdundwara hydograph stations The rate of rise in water 
level at Patiyali was observed as 0 029m/year and at Ganjdundwara 
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0 09Sm/year respectively The rising trends chrecterised the observation 
wells in the canal command areas whereas, the declining trend represented 
the upland tract with heavy withdrawal and no canal networks 
Correlation with Rainfall 
The monthly rainfall data collected from the Patiyali and Kasganj 
raingauge stations have been utilized to study the trends of water level in 
response to the rainfall The hydrographs have been prepared, utilizing the 
water level data of the permanent hydrograph station A perusal of 
correlation maps [Fig 25(a & b)] show that the response of water level to 
the rainfall and drought is quick The ascent of water level is also affected 
by the intensity and distribution of rainfall *" ^  * 
Isopermeability Map 
The permeability of a porous and permeable geological formation is 
defined as its ability to transmit a fluid through the formation This is an 
important hydrological parameter of an aquifer Accordingly, an 
isopermeability map (Fig 26) has been prepared to show the permeability 
variations and its pattern in the study area (Appendix - VII) 
The specific capacity and drawdown data of the tubewells spread all 
over the area were evaluated and utilized for the determination of 
transmissivily and permeability by Logan's formula 
According to Logan (1964), if a well is pumped for such a long 
period that the flow is in steady state, then an approximate estimation of 
the order of magnitude of the transmissivity can be made using the Theim's 
formula for a confined aquifer which can be written as 
2.3Qlog 
T = 
wsx. 
\^* J 
27tS. 
where, r = radius of pumped well in meters. 
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Fig. 26 
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Isopermeability Map of the Study Area 
rm.x =^  radius of influence in meters 
Sm» = maximum draw down in the pumped well in meters 
Further, he stated that the accuracy of the calculations depends only 
on the accuracy of the measurement of Sn,« (On which well losses may have 
substantial influence) and on the accuracy of the ratio r„,x/rw 
As r„,x/r» can not be accurately determined. So Logan opined that 
although variations in r^.x and r„ may be substantial, the variation in the 
logarithm of their ratio is much smaller Thus, assuming an average 
condition of ratio a value of 3.33 for log ratio was suggested by Logan, 
which may be taken as rough approximation. 
Putting the value in equation (i) we get the Logan's formula 
1.22Q 
where, Sm* is the maximum draw down in a pumped well 
According to Kruseman and de Rider (1970) Logan's formula in 
above form may give erroneous result of the order of 50% or more 
However, in view of the paucity of the pumping test data in the area, 
based on the Logan's formula an isopermeability map of the study area was 
prepared. 
A perusal of the isopermeability map of the area shows that there are 
six iso-permeability zones viz. (i) <20m/day (ii) 20-25m/day (iii) 25-30 
m/day (iv) 30-35m/day (v) 35-40 m/day (vi) >40m/day 
The isopermeability map shows that large central part of the area is 
covered by the linear patch of permeability ranging between 20-25m/day, 
wherein occurs some isolated patches of lowest permeability zone 
(<20m/day) too. In all there are three distinct low permeability horizons 
extending from northwest to southeast, largest of them is located in the 
central upland which extends from the left bank of the old channel to the 
left bank of the Kali. However, the lowest value (12 67m/day) was 
recorded at Bhargain. 
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Fig 27 
Isotransmissivity Map of the Study Area 
i< 
The next pre-dominating zone is, 25-35ni/day, which occurs in 
patches in the central, eastern and western part of the area. 
The third most pre dominating 30-35m/day zone which occupies the 
northeastern part close to the river Ganga and also at the western part of 
the area Isolated patches of permeability zone ranging between 35-
40m/day are observed overlying the 25-30m/day zone at the western part 
of the area The highest permeability zone i e. >40m/day lies as an isolated 
patch Surrounded by 30-35m/day zone close to the right bank of the 
Ganga in the north 
Isotransmissivity 
The Isotransmissivity map of the area was prepared on the basis of 
\ the specific capacity index determined through the discharge drawdown 
data of the tubewells in the study area. A perusal of the map (Fig 27) 
shows transmissivity values ranges between 
(i) <500 m^/day (ii) 500-800mVday (iii) 800-IlOOm^/day (iv) 1100-
1400m^/day (v) >1400m^/day 
The Isotransmissivity map shows that there occurs a very small 
patch, which records Isotransmissivity value of 490 m^/day. 
The largest area is covered by the isotransmissivity zone ranging 
between 800-llOOm^/day which is upward followed by the zone of 1100 to 
1400m^/day and covers a large part of the area stretching from the right 
bank of the Ganga across the central part which further extends towards 
the western end the of the area. 
There are five isolated patches (500 - 800 m'^/day) which are located 
in the eastern, south western, north central and at the western end close to 
the river Ganga. Greater than 1400m^/day isotransmissivity zones are 
recorded occurring in patches at the southern end, north eastern end, close 
to Ganga bank and the western part where they are surrounded by 1100-
1400m^/day isotransmissivity zone. Finally, the map shows a varied 
combination of isotransmissivity zone spread all over the area ranging from 
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Fig. 28 
Specific Capacity Index Map of the Area 
490m 'day to 1658m'/day which depict varied capacity of transmission 
values 
Specific Capacit> Index 
The specific capacity, besides being an index of well productivity, 
serves, also as a parameter of yielding and transmissive capacity of an 
aquifer (Karanth, 1997) The yielding capacity is denoted by yield factor 
(or specific capacity index) which expresses the specific capacity of the 
well for the unit thickness of the aquifer tapped 
,,. , , ^ Specific Capacity 
Yield Factor = — 
Thickness of the aquifer 
Based on this formula, the specific capacity index was determined 
from the available data of the tubewells of the area, which were 
subsequently used in preparing specific capacity index map (Fig 28) 
Accordingly, the study area has been divided into six yield factor zones (i) 
<20m/day (ii) 20-25m/day (iii) 25-30m/day (iv) 30-35m/day (vi) 35-40 
m/day (vi) >40m/day 
A glance of the specific capacity index map shows that large part 
occurring in the east west and in the north is covered by the specific 
capacity index zone which record values of <20m/day This is followed by 
the 20-25m/day zone, which is again followed by specific capacity index 
zone of 25-30m/day However, the rest of the zone i e 30-35m/day, 35-
40m/day, and >40m/day occur as minor patches mostly at the north end 
close to the right bank of the Ganga river 
Evaluation of Aquifer Parameters through Pumping Test Data 
Analysis 
Aquifer parameters viz transmissivity (T) and storage coefficient 
(S) are essential to conceptualize groundwater flow regime and assessment 
of its potential in an area These parameters are generally arrived through 
pumping test on borewell with an observation well (Singh & Thangrajan, 
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98) A pumping test is one of the most useful means to determine hydraulic 
properties of water bearing layers and confining beds It may yield reliable 
result which, in general, are representative of a larger area than one single 
point observations (Krusman and Ridder, 1970) 
With the growing needs of water, particularly in the developing 
countries, groundwater resources are being exploited indiscriminately 
Evaluation of pumping schemes for the development of groundwater 
resources, have become imperative need to minimize the environmental 
hazards This is turn requires a reliable estimation of hydrogeological 
parameters Pumping test of a well may give a representative estimate of 
aquifer parameters valid over a large area (Thangrajan & Singh, 98) 
The analysis of pumping test data involves transformation of field 
data into calculated values of hydraulic properties of the tested aquifer On 
completion of the pumping test, all the collected data on well discharge, 
drawdown, recovery in the observation well and pumped well with time, 
pre-test water level, etc are processed 
Description of the Method 
Theis (1935) introduced the first non-steady equation Theis studied 
the transient cone of depression around a discharging well and developed a 
mathematical method to determine the transmissivity and storativity from 
the rate of drawdown (Clebsch, 1994) This methodology allowed the 
determination of insitu hydraulic properties of aquifers and the prediction 
of the response, such as drawdown with time and distance, of groundwater 
systems to pumping (Back & Herman, 1997). 
The equation, which Theis developed specifically for confined 
aquifer has the following form 
s = — f 
or S = 
AnTi u 
Q 
4nT w(u) (1) 
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o"" T=-:r^w(u) (2) 
47rS 
where u = 
4Tt 
or S = — ^ (3) 
where, r = distance in meters of an observation well from the 
pumped well 
s = the drawdown in meters in an observation well 
located at a distance r from the pumped well 
Q = the constant well discharge in m'/day 
S = Storativity 
T = transmissivity in m /^day 
t = the time since pumping started 
W(u) = well function of u 
For the use of Theis's method following assumption and limiting 
conditions should be satisfied. 
1. The aquifer is homogeneous, isotropic, of uniform thickness, and of 
infinite areal extent. 
2. Before pumping, the piezometric surface is horizontal 
3. The well is pumped at a constant discharge rate. 
4. The pumped well penetrates the entire aquifer and flow is 
everywhere horizontal within the aquifer to the well. 
5. The well diameter is infinitesimal so that storage within the well can 
be neglected. 
6. Water removed from the storage is discharged instantaneously with 
decline of head. 
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Cooper-Jacob Method of Solution 
Cooper and Jacob (1946) suggested a simplification of Theis 
equation (1) which dispenses with the need for type curves by utilizing a 
semi-logarithmic plot for those fields data where U < 0.02, which beyond 
the first log cycle of time usually gives a straight line relationship. 
Jacob has shown that for small values of u (U < 0.01) i.e. where r is 
small and t is large., 
equation S = w(u)canbesimplified andexpressed as 
47tT 
^ 2.30Q, 2.25Tt ... S = - -=r log—^— (4) 
4nT r S 
Thus, a plot of drawdown 's ' versus logarathmic of time t, forms a 
straight line equation which can further be solved to give 
S = l ^ (5) 
andT = ^ ^ (6) 
47tAS 
where to = time in days corresponding to interception of 
straight line with axis, where s = 0 
AS = Slope of straight line in meters or difference of 
drawdown over one log cycle. 
By plotting time verses drawdown on a semi-logrithmic paper (time 
on log scale) a straight line is fitted by discretion. 
The slope of straight line and its intercept on axis, S = 0 are 
substituted in equation (5) and (6) for the determination of T and S values. 
Under the prevailing flow conditions Jacobs (t vs. S) method of 
analysis was selectively used for the determination of the aquifer 
parameters (Fig. 29). 
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Time Vs. Drawdown Curve of Observation Well at Pilua (Jacob's Method) 
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Fig. 29 
Aquifer Performance test 
The aquifer test was conducted at Pilua village pumping test site 
The site is located close to the river Kali The data of this pump test was 
analyzed and the various aquifer parameters were determined 
Site 
District 
Duration of pumping 
Discharge 
Saturated thickness tapped 
Static water level in main well 
Observation well 
Distance of observation well 
from the pumping well 
Pilua 
Etah 
1500 minutes 
3800 1pm or 5472 mVday 
18 meters 
6 60-m bmp 
6 30-m bmp 
29 5 m 
Evaluation of Pumping Test Data Analysis Results 
The aquifer parameter evaluated are tabulated as below 
Method of plot 
Jacob (t Vs S) 
Data used 
Observation Well 
Value of T 
(mVday) 
2178 34 
S 
1 12 X 10 ' 
K 
(m/day) 
121 02 
From the pumping test data of Appendix-VIII, s and t are plotted on 
semi-logarithmic paper and straight line is fitted through the points 
Thereafter hydraulic properties were determined by Jacob's method 
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CHAPTEE 
GROUNDWATER RESOURCE EVALUATION 
G R O l ' N D WATER R E S O U R C E EVALUATION 
The basic objective of groundwater resource evaluation is to 
estimate the total quantity of groundwater resources available, and their 
future supply potential to predict possible conflicts between supply and 
demand and to provide a scientific data base for rational water resources 
utilization (Earth Summit, 1992) 
Accordingly a refined quantitative evaluation of groundwater 
resource of an area or basin becomes an essential prerequisite for its 
proper management Further, a proper assessment also evinces the effect of 
the post development and prediction of the influences of the future 
groundwater abstractions Moreover, an adequate estimate of the 
availability of groundwater in storage beneath an area requires 
determination of the groundwater basin boundaries, both vertical and 
horizontal and of aquifer dimensions and characteristics 
A river basin forms a closed system of surface and groundwater 
bodies therefore, it is essential that various aspects of water in transit are 
quantitatively evaluated and definite recommendations in regard to its 
development be made As a sequel, estimation of groundwater recharge, 
draft and balance available is considered to be the most important and 
ultimate aspect of groundwater studies in an area of investigation 
The quantitative changes in the storage of groundwater system may 
be expressed as a water balance equation and is characterized by an inflo\v 
and outflow, amount of water stored and quantities which changes with 
time This can be expressed by the water balance equation sometimes 
referred to as the equation of hydrologic equilibrium 
I - O = ± A S 
where, I inflow during a given period of time 
O outflow and AS is change in water storage 
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The high demand for groundwater sometimes lead to excessive 
withdrawal which often creates serious imbalances of hydrogeological 
situations Accordingly, a reappraisal of groundwater resources of the area 
of investigation is most desired to keep pace with groundwater 
development 
The area of investigation is beset with dual situation of water 
logging and soil salinisation along the north-west to south-east trending 
central upland duly traversed by the Lower Ganga Canal on the one hand 
and the declining trend of water level in the eastern upland on the other 
Moreover, the area adjacent to the right bank of the Ganga gets recharged 
through flood water as and when the river touches its peak discharge 
during the monsoon 
The depleting trend of water tables is more pronounced in the south-
eastern margin of the area, which is the consequence of the heavy 
withdrawal Under the circumstances, the precise evaluation of 
groundwater resource of the study area becomes essential to regulate the 
further withdrawal of groundwater from the area 
Groundwater Recharge 
Determination of groundwater recharge forms an important aspect of 
groundwater resource evaluation studies Various earlier estimations of 
groundwater recharge were made (Raghava Rao et al , 1969, Irrigation 
Commissions, 1972, and Pathak, 1982) which were based on the ad-hoc 
norms not supported by intensive field tests In recent years, adequate data 
which have been generated through extensive multidisciplinary projects 
studies, undertaken by Central and State agencies (CGWB & State 
Groundwater Department) have made realistic appraisals rather easier 
The major sources of recharge in the study area are as under 
1 Recharge through rainfall 
2 Recharge through canal seepage 
3 Recharge through irrigation return flow 
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4 Recharge through flood water during high stages of stream. 
Estimation of Monsoon Recharge 
Monsoon recharge of the study area has been computed using the 
following conceptual formula given by groundwater estimation committee. 
(a) Monsoon Recharge = (geographical area x specific yield 
Water level fluctuation) + gross 
groundwater draft during monsoon 
period - (Monsoon canal seepage + 
monsoon recharge from surface water 
irrigation + monsoon recharge from 
groundwater irrigation) 
Normal Monsoon Ra inf all 
X — + Monsoon 
Av^ege Monsoon Ra inf all 
recharge from surface water irrigation 
+ monsoon recharge from canal seepage. 
The above mentioned components of monsoon recharge have been 
computed as under: .j ^ j Geographical area =1106km^ J j ^ ! - ^ ^ fcljis^' 
Water level fluctuation = 1.14 m^  ;'> Jj^ "^ 7 j «>'"^  ' 
"specific yiefd"^ = 1 3 % vJ*-^*^ll ^ , . J ^ ' ' 
I.M.D. Normal yearly rainfall = 716. 80 mm. V ^ f l i g ^ ^''^ 
I.M.D. Normal monsoon rainfall = 647.90 mm. . tx 1 ^ ' - J , . . . . 
I.M.D. Normal non-monsoon rainfall = 43.50mm. 
The average monsoon rainfall of the 
observation years (1992-1996) = 681.74 mm. 
In order to estimate the change in groundwater storage, the total 
area has been multiplied with the specific yield and the seasonal water 
level fluctuation. The specific yield in the area has been taken as 13%. The 
seasonal water level fluctuation has been worked out, based on the water 
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levels recorded during pre (June) and post (November) monsoon periods, 
in the observation years 1996 and 1997. The water level fluctuation thus 
computed for the area comes to the order of 1 14m. 
Estimation of Gross Monsoon Draft 
As the information on pumping hours of groundwater structures 
separately for the monsoon period was not readily available, 25% of the 
total annual draft has been considered as gross monsoon groundwater 
draft It comes to the order of 41.09 MCM for the area 
Monsoon Recharge == [(1106X .13 X 1.14)+41.09-
(8.71 + 12.33 + 12.33) 
647.90 
X + 8.71 + 12.33] 
681.74 
= 163.91+41.09-(33.37)x0.95+21.04 
= 163.91 + 41.09 - 31 70 + 21.04 
= 194.34 MCM 
(b) Non Monsoon Recharge 
Non monsoon recharge estimated for the basin is given below; 
Geographical area 
Non-monsoon rainfall (R.F.) 
Infiltration factor (I.F ) 
Non - monsoon recharge 
= 1106 km^ 
= 43.50 mm. 
= 25% 
_ Area x IF x RP 
10^  
1106x0.25x43.50 
10^  
= 12.02 M.C.M. 
Total Non Monsoon Recharge (Rainfall + Canal seepage + 
Irrigation return flow + Tank 
seepage) 
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= 12.02 + 26.14 + 16 58 + 0.24 
= 54.98 MCM 
Recharge Through Irrigation Return Flow 
To evaluate the irrigation return flow to the groundwater, the 
irrigated area and volume of water applied for irrigation are taken into 
consideration for working out the total volume of water applied, of which 
30% is assumed to return to groundwater bodies Crop wise return seepage 
in the area has been calculated in the basin which is given as below. 
Crop Type Area 
Irrigated 
(hectare) 
Average 
Wetted 
Depth (m) 
Seepage 
Factor (%) 
Seepage 
(MCM) 
Monsoon 
1. Kharif 
2. Zaid I 
7621 
297 
0.40 
0.15 
40 
30 
12 194 
0.134 
Non-Monsoon 
1. Rabi 
2. Zaid II 
13071 
297 
0.40 
1.00 
30 
30 
15.685 
0.861 
The total quantum of the irrigation return flow is computed to be 
28.90 M C M 
Quantum of Recharge Due to Canal Seepage 
Estimation of seepage from canals is computed, based on their 
wetted area, running days and seepage factor (15 ham/day/lO' sq.m of 
wetted area) 
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(a) Recharge 1 hrough Lower Ganga Canal: 
Monsoon Recharge 
Total length = 38000m 
Average wetted perimeter = 15 27m 
Average running days during monsoon = 70 days 
Applied seepage factor = 15 ham/day/10* sq m. 
Per day seepage 
Total monsoon seepage 
Non-monsoon Recharge 
Total length 
Average wetted perimeters 
Non Monsoon Running days 
Applied seepage factor 
15(38000x15.27) 
10' 
15 X 580260/10*= 8.70 ham. 
8.70 X 70 = 609 ham 
or 6.09 MCM 
38,000m 
15 27m 
200 days 
15 ham/day/10* sq. m. 
15x580260 
10* 
Total Non-Monsoon seepage 
Total Yearly Recharge 
8.70 X 200 
1740 ham 
or 17.40 MCM 
6.09 + 17.40 
23 .49 MCM 
(b) Recharge through Distributaries 
Monsoon Recharge y ^ j ^ - ^ ^ ~ ^ "^  
Applied seepage fact(MV,/ 
'J ( Ace. No 
Total length 
Average wetted perimet«r'''^ hv^ 
A -
) 
5_il5 ham/day/10* sq. m 
J50560 m 
6 m 
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Monsoon running days 
Per day seepage 
30 
15(50560 x9.16) 
10* 
15x463129 6 
10" 
Total Monsoon seepage 6.95 X 30 
208.5 ham 
or 2.085 MCM 
Non Monsoon Recharge 
Applied factor 
Total length 
Average wetted perimeter 
Running day 
Per day seepage 
15 ham/day/10* sq. m 
50560 m 
9.16 m 
100 
15(50560 x9.16) 
10'^  
15x463129.6 
10' 
Total non-monsoon seepage 
Total yearly recharge 
6.95x100 
695 ham 
or 6.95 MCM 
2.085 + 6.95 
9.035 MCM 
(c) Recharge through Minor Canal 
Monsoon Recharge 
Applied seepage factor 
Total length of canal 
Average wetted perimeter 
15 ham/day/10^ sq. m 
48800m 
2.44m 
78 
Averaue davs = 30 
Per day seepage 
Total Monsoon Seepage 
Non Monsoon Recharge 
Applied seepage factor 
Total length of canal 
Average wetted perimeters 
Running days 
Seepage per day-
Total non-raonsoon seepage 
Total Yearly Recharge 
Total Monsoon Recharge 
15(48800 X2.44) 
10 ' 
15x119072 
10' 
1.79 X 30 
53 7 ham 
or 5.37 MCM. 
15 ham/day/10' sq. m 
48800 m 
2.44 m 
100 
15x48800x2.44 
To^ 
15x119072 
10' 
1.79 ham 
1.79 X 100 
179 ham 
or 1.79 MCM 
5.37 + 1.79 
7.16 X MCM 
6.09 + 2.085 + 5.37 
8.71 MCM 
Total Non Monsoon Recharge 17.40 + 6.95 + 1.79 
26.14 MCM 
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Recharge from Tanks 
1 Number of Tanks =179 
2 Water Spread Area =133 55 
3 Seepage Factor (cm/year) = 55 
4 Total Monsoon Recharge = 24.45 
or 0.245 MCM 
Recharge from Sub-surface Inflow 
It has been assumed that inflow to the area balances the outflow 
from the area Hence recharge due to sub surface inflow has not been 
estimated. 
Total Annual Recharge Available or Gross Groundwater Recharge in the Area of 
Investigation = 
Monsoon Recharge + Non Monsoor\. Recharge + Recharge from Tanks 
= 194.34 + 54.98 + 0.245 
= 249.57 MCM 
The gross groundwater recharge in the entire area is estimated as 
249.57 MCM 
Net annual recharge available for development = 85% of total annual 
recharge 
= 212.13 MCM 
Groundwater Discharge or Draft 
The discharge of groundwater in the area mainly takes place through 
state tubewells, shallow farmers tubewells pumping sets and persian 
wheels A large quantity of groundwater joins the bounding rivers i e., 
Ganga and Kali However, the discharge or base flow into the 
rivers/streams is not taken into consideration due to paucity of data and it 
is assumed that the discharge to rivers/streams and out flow from the area 
of investigation is equal to the sub surface inflow into the study area. 
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Under the circumstances the existing groundwater structures remain the 
only source for groundwater discharge in the study area 
In all there are 112 deep tubewells, 361 shallow farmers tubewells, 
8209 pumping sets and 8886 persian wheels 
The groundwater draft in the area has been estimated by multiplying 
number of each type of groundwater structures existing in the area with its 
units draft worked out by state groundwater department of U P 
The unit draft considered for estimating groundwater draft by each 
type of abstraction structures is given as under 
State tubewells 16 ham (0 16 MCM ) 
Shallow tubewells 2 2 ham (0 022 MCM ) 
Pump sets on boring 1 2 ham (0 012 MCM ) 
Persian wheel 0 9 ham (0 009 MCM ) 
Draft by State Tubewells 
Total number of state tubewells 
Unit draft of each tubewells 
Total draft by the state tube wells 
112 
0 16 MCM 
17.92 MCM 
Draft by Shallow Farmer's Tubewells 
Total number of shallow tubewells 
Unit draft of each shallow tubewells 
Total draft 
361 
0 022 
7.94 MCM 
Draft By Pumping Sets 
Number of Pumping sets 
Unit draft for each pumping sets 
Total draft 
8209 
0 012 MCM 
98.51 MCM 
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Draft By Persian Wheel 
Total number of persian wheel 
Unit draft of each persian wheel 
Total draft 
= 8886 
= 0 009 MCM 
= 79.97 MCM 
Although annual groundwater draft computed for total number of 
reported persian wheels is of the order of 79.97 MCM. but half of it 
considered as actual groundwater draft assuming that only 50% of persian 
wheel may be functional in the study area (This figure is based on the 
sample survey carried out in the area). 
Therefore the draft taken into consideration = 39.99 
Total gross draft in the area = 17 92+7 92+98 51+39 99 
= 164.34 MCM. 
Net annual draft = 70% of the gross annual 
draft 
Net draft = 115.04 MCM 
Groundwater Balance 
Net recharge 
Net draft 
= 85% of the gross recharge 
= 212.13 MCM 
= 70% of the total draft 
= 115.04 MCM 
Utilisable groundwater resource potential^ Net recharge - Net draft 
= 212.13 - 115.04 
= 97.09 MCM 
The above evaluation of groundwater resource of the area shows 
that there is an ample scope for large scale groundwater development. 
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TABLE - 10: Estimation of groundwater balance available and stage of 
Groundwater Development 
Gross 
ground-
water 
recharge 
MCM 
249.57 
Net 
ground-
water 
recharge 
(85% of 
Gross 
recharge) 
MCM 
212.13 
Gross 
ground-
water 
draft 
MCM 
164.34 
Net 
ground-
water 
draft 
(70% of 
gross 
draft) 
115.04 
Utilizable 
ground-
water 
resource 
potential 
97 09 
Stage of 
ground-
water 
developm 
ent (%) 
54 23 
Stage of Groundwater Development Net yearly Draft 
Net recoverable rechrge 
115.04 
xlOO 
212.13 
= 54.23% 
xlOO 
In order to determine the stage of groundwater development in the"] ^ p. 
study area, the NABARD'S norms (Notional Bank for Agricultural and j A/e^  
Rural Development) have been taken into account, which are as follows: 
Stage of Development 
< 85% 
65-85% 
> 65% 
Category 
White or Safe Category 
Grey or Semi Critical Category 
Dark or Critical Category 
-dkH^ 1 
In the study area only 54.23% of the dynamic groundwater resource 
has been developed so far. Hence it fall under the white or safe category. // "^^  
In view of 54.23% of groundwater development, there is large scale 
groundwater surplus available (97.09 MCM) for further development in the 
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'::^ 
basin which can be utilised through the construction of 4350 shallow 
tubewells in a phased manner (taking unit draft of each shallow tubewells 
as 0 22 MCM) Howe\er. in view of the rapidly declining trend of water 
level in the shallow aquifer all over the upland tract in the area, it will be 
appropriate to construct about 598 deep tubewells (taking unit draft as 
0 16 MCM) rather than shallow tubewells for further groundwater 
development in the area 
Taking groundwater situation in the area as a whole, which presents 
a dual situation of water logging along the feeder canal and the declininei 
trend of water table in the non-canal command areas, the following 
measures are suggested for a balanced and optimum utilisation of watei 
resources of the basin. 
1 The canal should be lined in oider to check the seepage into the top 
aquifers below the canal beds 
2. Shallow tubewells of 15m depth be installed at every 200m length of 
the canal on the two banks in order to augment the flow of the canal («4t.( 
on one hand and on the other to transfer the water to recharge the te^ 
dry dugwells in the tract where the water levels are showing 
declining trends 
3 The dry dugwells in every village be recharged from the monsoon 
discharge in the adjacent abandoned channel and during the non-
monsoon period from the shallow tubewells along the canals 
This measure on one hand will push down the water table along the 
canal, 3-5 meters below the ground level so that the capillary action stands 
checked and thus soil salinisation will stop and water logged areas can be 
reclaimed. Moreover, recharge of the dry dugwells will arrest the declining 
trend of the water table. 
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CHAPTEE 
HVDR06E0CHEMISTRV 
HVDROGEOCHEMISTRY 
Water one of the most fundamental resources, is one of the most 
common substances and also one of the most unusual. Although its 
chemical formula is deceptively simple, the effect of water on almost every 
thing in our environment is far more consequential than might be imagined 
It is now generally recognized that the quality of groundwater is of 
nearly equal importance to quantity (Walton, 1970). The water quality is 
important not only because of its linkage to the availability of water for 
various uses and its impact on public health but also, because water quality 
has intrinsic value The quality of life is often judged on the availability of 
pristine water. 
The chemical, physical and bacterial characteristics of groundwater 
determine its usefulness for municipal, commercial, industrial, agricultural 
and domestic water supplies. The study of groundwater quality involves a 
description of the occurrence of the various constituents in groundwater 
and the relation of these constituents to water use. Moreover, groundwater 
quality data give important clues to geological environment, indications of 
groundwater recharge, discharge, movement and storage (Walton, 1970). 
Water is called "the universal solvent" because of its extra ordinary 
ability to dissolve the substances. In fact, it dissolves more substance in 
greater quantities than any other liquid (Fletcher, 1987) As groundwater 
percolates through the geological formation, it undergoes soil-water 
interaction until a quasi-chemical equilibrium is reached between the 
groundwater and the minerals in the soil Thus water gets saturated with 
dissolved solids derived from these minerals. This ability of water to 
dissolve minerals determine the chemical nature of groundwater (Fletcher, 
1987) The concentration of these dissolved mineral ions can affect the 
usefulness of groundwater for various purposes. 
As groundwater moves along its flow paths in the saturated zone, it 
increases the total dissolved solids due to the presence of carbon dioxide 
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by which the most important acid H2C0, is produced in the soil zone 
(Freeze & Cherry, 1979). 
Domenico (1972), also noted that groundwater chemistry changes 
with depth He found that shallow aquifers are characterized by low 
dissolved solids and high bicarbonates, the intermediate aquifer is 
characterized by sulphate dominance while in the deeper aquifer chloride 
ion (CI ) predominates with high concentration of total dissolved solids 
Briefly the chemical quality of groundwater is an index of its complex flow 
history 
One of the interesting aspects of hydrochemistry is the occurrence of 
the water bodies with different water chemistry in very close proximity to 
each other. This has been variously attributed to the surface and sub-
surface geology (Stallard and Edmond, 1983), small climatic differences 
(Petrovic, 1980) and flow direction (Lyons et al., 1992). 
The major constituents in groundwater occur mainly in ionic form 
and are commonly referred as N a \ K\ C a \ Mg^^. CI', HCO3", Co?'^ and 
S04"^ which comprises more than 90% of the total dissolved solids in the 
water (Freeze and Cherry, 1979). 
In order to study the groundwater quality in the area of 
investigation, physico-chemical analysis of groundwater was carried out 
Substances commonly determined in chemical analysis are expressed as 
ions, which comprises the cations and anions while in physical analysis, 
temperature, hydrogen ion concentration and electrical conductance were 
determined 
Sampling Technique 
The validity of chemical analysis reflects the care with which the 
water samples were obtained in the field (Fletcher, 1987). Therefore 
standard sampling techniques were used in collecting the water samples, 
using the properly washed one litre polythylene bottle for major ions and 
duly acidified one litre polythylene bottle with 10ml 0.6N HNO3 for trace 
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element studies Thereafter the samples were capped and sealed with wax 
instantly in the field 
The water samples for major ions study were collected from 54 
obser\ation wells, e\enly spaced over the entire study area, and for trace 
elements 33 samples were collected. The water sampling for major ions and 
trace elements were carried out in the month of June 1996 because the 
concentration of chemical elements present in the groundwater happens to 
be at their maximum The water samples were collected from different 
groundwater structure like dugwells shallow and deep tubewells. 
Representative surface water samples were also collected from the rivers 
and canals draining the area to asses the surface water quality and its 
relationship with groundwater 
Analytical Procedure 
The physico-chemical characters of water samples were determined 
(Appendices IX-A, B, C and X-A, B) according to the standard methods 
(APHA, 1992; Jackson, 1985 and Goel, 1984) in the laboratory of the 
Department of Geology and Department of Applied Chemistry, A M U., 
Aligarh The following table shows some physical properties, major ions 
and trace elements and their analytical methods 
TABLE- II 
CONSTITUENTS 
Physical properties 
pH and EC 
Major Ions 
CO ,, HCO 3, Ca ' 
Ms\ C\ 
Na\ K^  
SO4•^ TDS 
F 
METHODOLOGY 
Electric kit and pH 
meter 
Volumetric 
Method(Tilration) 
Flame Photo meter 
Gravimetric method 
Spectrophotometer 
LABORATORY 
Geology Department 
Geology Department 
Geology Department 
Geology Department 
Geology Department 
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Trace rlement 
Fe 
Cd, Pb, Zn, Cu 
Cr, Ni 
Spectrophotometer 
Voltameter 2000 
Atomic Absorption 
Spectrphotometer 
Geology Department 
Geology Department, 
Department of Applied 
Chemistry 
During the analysis of cations and anions reaction errors may be 
caused by some analytical errors of individual parameters, and the fact that 
not all possible ions are commonly measured (Emanuel Mazor, 1997) 
PHYSICAL PROPERTIES 
Hydrogen Ion Concentration (pH) 
The pH is an important variable in water quality assessment as it 
influences many chemical and biological processes within a water body and 
all processes associated with water supply and treatment (Chapman, 1992) 
The pH is a measure of the acid balance of a solution and is defined 
as the negative of the logarithm to the base 10 of the hydrogen ion 
concentration The pH ranges from 0 to 14 (i e very acidic to very 
alkaline), with pH 7 representing a neutral condition where H' and OH' 
ions have the same concentration A pH less than 7 indicates an acidic 
solution, where as a pH greater than 7 indicates an alkaline solutions 
Temperature plays a role in determining the pH at which neutrality 
occurs (Freeze & cherry, 1979) In groundwater, pH is principally 
controlled by the balance between the carbon dioxide, carbonate and 
bicarbonate ions (Fletcher, 1987) 
The desirable limit of pH for drinking water, as given by the 
International Edition of WHO is 7 to 8 5 while the maximum permissible 
level is given as 6 5 to 9 2 The pH values of the water sample in the study 
area, vary from 7 2 to 8 5 which shows that the groundwater is slightly to 
moderately alkaline in reaction The highest value (8 85) was recorded at 
village Nagla Bhimsen, where as the lowest value (7 2) was observed at 
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Fig. 30 
Electrical Conductivity, Map of the Area (In n mhos cm. at 25°Q 
village Padarathpur Thus the pH values in the study area fall with in the 
permissible limit 
Electrical Conductivity (^ mhos/cm) 
Electrical conductivity is a measure of the ability of an aqueous 
solution to carry on electric current This ability depends on the presence 
of the ions, on their total concentration, mobility and valance and on the 
temperature (APHA, 1992) or in other words, the electrical conductivity is 
defined as reciprocal of the electrical resistance of one cubic centimeter 
material at 25°C (Mc Cutcheon et al , 1993) It is the measure of the 
mineralization an indicative of salinity magnitude of the groundwater 
The electrical conductivity with 400|i mhos/cm at 25°C is considered 
suitable for human consumption (WHO, 1984), while more than 1500|A 
mhos/cm at 25°C may cause corrosion of iron structures 
The electrical conductivity values in the area vary between 200 to 
1589 \i mhos/cm, where the highest was recorded at village Nagia Bhimsen 
(1589^ mhos/cm), and the lowest (200^ mhos/cm) was recorded at 
Padarathpur A perusal of Iso-conductivity map (Fig 30) indicates that 
major part of the area falls in the 250-750 ^ mhos/cm range 
MAJOR IONS 
Major ions (Ca'^ Mg ^ Na . K , CI, SO4 ', HCO3, CO-,^) are 
naturally very variable in groundwater due to local geological, climatic and 
geographical conditions. 
Carbonate 
The primary source of carbonate in groundwater is the dissolved 
carbon dioxide in rain, which, enters the soil and dissolves the carbon 
dioxide. The dissolution of carbon dioxide in the water affects the 
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alkalinity of the natural water. The concentration of the carbonate in the 
study area ranges between 0 00 to 32.00 ppm. The higher values were 
recorded at Ganeshpur, Sirsaul, Johari and Chanhka. 
Bicarbonate 
The presence of bicarbonates (HCO'j) influences the hardness and 
alkalinity of water. In areas of non-carbonate rocks, the HCO'? originate 
entirely from the atmosphere and soil carbon dioxide. 
Bicarbonate in the groundwater shows wide fluctuation because its 
content depends upon the partial pressure of carbon dioxide in the soil. 
The water containing 600ppm of bicarbonate is considered fairly safe and 
good for domestic and irrigational purposes (W.H.O, 1984) The 
concentration of bicarbonate in the area of investigation varies from 120 to 
518 ppm. The lowest value was observed at Padarathpur, close to the 
Lower Ganga Canal and the highest value at Nagla Bhimsen on the upland, 
which indicates that the over all concentration is well with in the limits 
Chloride 
Most chlorine occurs as chloride (CI) in solution. It enters surface 
water with the atmospheric deposition of oceanic aerosols, from industrial 
and sewage effluents, and agricultural runoff. High concentration of 
chloride can make waters unpalatable and therefore, unfit for drinking or 
livestock watering (Champman, 1992) The potable waters, by and large, 
contains up to few hundred ppm of chloride. Chloride salts being highly 
soluble and free from chemical reactions with minerals of the aquifer 
materials, remains stable once they enter solution. Most chloride in 
groundwater is present as sodium chloride, but the chloride content may 
exceed the sodium due to base exchange phenomena 
The highest desirable and maximum permissible limit of chloride for 
drinking water is 250 ppm and 1000 ppm respectively (ISI, 1983) But the 
World Heath Organization (1984), suggested the maximum permissible 
90 
Fig 31 
Chloride Distribution Map 
limit as 600 ppm However, water containing less than 150 ppm is 
satisfactory for most purposes 
The minimum concentration of chloride (8 52 ppm) in the area was 
at village Sri Nagla while the maximum concentration was observed at 
Sultanpur (224 40) The study shows that the chloride content in the water 
is well within the permissible limit Fig 31 shows chloride distribution 
pattern in the study area 
Sulphate 
Sulphate is naturally present in the water as S04'^ It is the stable, 
oxidized form of sulphur and is readily soluble in the water (with the 
exception of lead, barium and strontium sulphate, which precipitates) 
Industrial discharges and atmospheric precipitation can add significant 
amounts of sulphate to groundwater (Chapman, 1992) 
Sulphate is generally abundant in groundwater A wide range of 
sulphate content in the groundwater is made possible, through oxidation, 
reduction, precipitation, solution and concentration processes as water 
traverses through geological formations 
The Indian Standard Institution has suggested the highest desirable 
and maximum permissible limit of sulphate as 150 and 400ppm But, if the 
limit of sulphate exceeds more than 250 ppm it may cause gastrointestinal 
irritation (Raghunath, 1982) The excess of sulphate (>250ppm) may also 
cause bitter taste and may have laxative effect at higher level (W H O , 
1984) 
The concentration of sulphate in the groundwater of the study area 
ranges between 28 81 ppm to 288 79 ppm, where the maximum level was 
recorded at Daryavganj, situated on the eastern upland and minimum was 
observed at Nakara, close to the river Ganga This shows that by and large 
sulphate is with in the permissible limit 
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Sodium 
Ml natural waters contain some sodium since its salts are highly 
water soluble and it is one of the most abundant elements on earth The 
most siumlicant source of sodium in groundwater, with concentration of 
over 50 ppm of sodium, are the precipitates of sodium salts impregnating 
the soils in shallow water tracts, particularly in arid and semi arid regions 
Concentration of sodium in natural water vary considerably 
depending upon local geological conditions, waste water discharge and 
season of the year Values can range from lmg/1 in snowfed region to 
lO'mg/l or more in natural basins The W H O guide line limit for sodium 
in drinking water is 200mg/l 
Sodium is commonly measured where the water is to be used for 
drinking or agricultural purposes, particularly irrigation. Elevated sodium 
in certain soil type can degrade soil thereby restricting water movement 
and affecting plant growth Sodium is considered harmful to persons 
suffering from cardiac diseases and high blood pressure. 
The concentration of sodium in the ground water of the study area 
varies from 20 to 200 ppm where the minimum concentration was observed 
at Srinagla and the maximum was recorded at Nagla Bhimsen, located on 
the upland tract. 
Potassium 
Potassium (K ) is found in low concentration in groundwater since 
rock which contain potassium are relatively resistant to weathering 
(Golditch, 1938) However, potassium salts are widely used in fertilizers 
for agricultural and enter groundwater from agricultural land Potassium is 
usually found in the ionic form and the salts are highly soluble 
Concentrations in natural waters are usually less than IOmg/1, where 
as concentrations as high as 100 and 25,000 mg/1 are found in springs and 
brines, respectively. In the area of investigation, the value of potassium 
ranges between 1.42 to 98 ppm. The lowest value was recorded at Labher 
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close to the right bank of the river Ganga while the maximum was 
observed at Rustampur 
Potassium is not much significant from health point of view 
However, large quantity may give laxative effects 
Calcium 
Calcium is present in all waters as Ca^  and is readily dissolved from 
rocks rich in calcium minerals, particularly as carbonates and sulphates 
The solubility of calcium carbonate varies widely with the partial pressure 
of Carbon dioxide in the air lying in contact with water The salts of 
calcium, together with those of magnesium, are responsible for the 
hardness of the water 
The maximum permissible limit and highest desirable limit as given 
by Indian Standard Institution (1983) and WHO (1984) is 200 and 75 ppm 
respectively Calcium forms an essential element for the growth of the 
human body, where requirement ranges between 0 7 to 2 0 grams/day 
However, the hard water having excess of calcium may add to urinary 
disorders 
In the study area, calcium ranges between 14 ppm at Gudiyai close 
to the Lower Ganga Canal to 175 ppm at Sultanpur, located on the left 
bank of the Kali river 
Magnesium 
Magnesium is common in natural waters as Mg^\ and along with 
calcium is a main contributor to water hardness Magnesium arises 
principally from the weathering of rocks containing ferromagnesium 
minerals and from some carbonate rocks 
In ordinary atmospheric conditions, the solubility of magnesium 
carbonate in water, in the presence of carbon dioxide, is nearly ten times 
that of calcium carbonate However, in groundwater, calcium content 
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generally exceeds the magnesium content, in accordance with their relative 
abundance in rocks (Hem, 1970) 
Natural levels of Magnesium in groundwater may range from 1 to 
-'lOOmg/l, depending on the geological formations within the catchment 
Magnesium is an essential element for living organisms However, 
higher concentration of magnesium may be cathartic and diuretic (Lehr, et 
al , 1980) Also the values of magnesium combined with sulphate acts as 
laxative to human beings 
The maximum permissible and highest desirable limit given by the 
Indian Standard Institution (1983) and WHO (1984) is 100 mg/1 and 30 
mg/1 respectively 
The value of magnesium in the groundwater of the area ranges 
between 6.56 to 67 ppm The lowest value was observed at Songarhi 
located close to the right Bank of the Ganga river and the highest value 
was recorded at Semra Morcha located on the central upland This shows 
that the magnesium values in the groundwater of the study area is well 
with in the limits 
Flouride 
The concentration of flouride in groundwater is limited due to the 
low solubility of most flouride Flouride mobility in water depends, to a 
large extent, on the Ca'^ ion content, since flouride forms low solubility 
compounds with divalent cations Flouride concentrations in groundwater 
are generally less than 1 5 ppm but in some areas concentrations reaches 
above 5 ppm. Although too much flouride can be harmful, less than Ippm 
is quite beneficial (Fletcher, 1987) Flouride is needed for the prevention 
of the dental carries and good bone development for growing children 
Excessive flouride however, causes motteling of teeth enamel 
Generally, ingestion of water having a flouride concentration more than 4 
mg/litre may lead to skeletal flourosis, crippling skeletal flourosis can 
occur when a water supply contains more than 10 mg/1 ( W H O , 1984, 
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Boyle and Chargnon, 1995, Apambire, J 997) The World Health 
Organization (84) has set 1.5 ppm as an upper limit for drinking water 
In the study area flouride was recorded to a maximum of 1 20 ppm 
at Gopalpur which is within the limit 
Hardness 
The hardness of groundwater depends mainly on the presence of the 
dissolved calcium and magnesium salts The total content of these salts is 
known as general hardness, which can be further divided into carbonate 
hardness, non-carbonate hardness The carbonate hardness is also known 
as temporary, whereas the hardness remaining in the water after boiling is 
called constant (Chapman, 1992). 
Basically, hardness is considered as the soap consuming property of 
water (Fletcher, 1987). The principal chemical sources for the calcium and 
magnesium ions are the compounds of calcium and magnesium 
bicarbonates, carbonate and sulphates. The magnesium and calcium ions 
present in water are computed from the sum of the two ions expressed in 
Mg Ca CO? L ' (Mc. Cutcheon, et al , 1993). The hardness in water is 
derived from the solution of the carbon dioxide, released by bacterial 
actions in the soil by percolating rain water (Sawyer and Mac Carty, 
1967) 
The hardness can be classified on the basis expressed in Mg Ca CO3 
L ' are as follows (after Mc Cutcheon et al , 1993) 
Table-12 Hardness Classification 
Class of Hardness 
Soft 
Moderately hard 
Hard 
Very hard 
Concentration in 
MgCaCoj/L 
00 - 50 
51- 120 
121 - 180 
> 180 
Percentage in the 
Study Area 
0.00 
0.00 
20.00 
80.00 
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Fig. 32 
ToUl Hardness Map of the Study Area 
The maximum permissible limit and desirable limits of hardness 
given by ISI (1983) is 600 ppm and 300 ppm respectively However, the 
permissible limit given by WHO is 500 ppm 
A perusal of the above table shows that the groundwater in the studv 
area is hard to very hard in nature 
The total hardness as CaCos in the water samples ranges between 
124 ppm at Padarathpur close to the Lower Ganga Canal to 498 ppm at 
Sultanpur (Fig 32) shows the total distribution of hardness in the study 
area. 
Graphic Representation of Geological Data 
An important task in groundwater studies is the compilation and 
presentation of chemical data in a convenient manner and for this, 
graphical representations are useful, which may involve comparing the 
similarity and dissimilarity between major ions Graphs can also aid in 
detecting the mixing of water of different composition and in identifying 
chemical processes occurring as groundwater moves (Todd, 1980) A 
variety of graphic techniques have been used for showing the major 
chemical constituents The dominant ions; Ca '^ Mg\ Na' + K\ and 
HCOj" + COa'^, S04'^ and CI" in water sample can be represented in several 
ways One of the important graphic representations is through trilinear 
diagram, which is given below 
Trilinear Diagram 
The greatest utility of trilinear diagram lies in screening a large 
number of water analyses for critical study. Therefore, progressive changes 
in the geochemical characters of a large number of samples can best be 
studied by plotting selected constituent on trilinear diagrams Such 
diagrams can show the relation between concentrations of various 
constituents or group of constituents. Among the various trilinear methods 
of plotting (Palmar, 1911, Hill, 1940, Piper, 1944), Piper's diagram has 
96 
Fig. 33 
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Cation Facies Anion Fades 
A Magnesium type 
B Calcium type 
C. Sodium or Potassium type 
D. No Dominent type 
E Sulphate type 
F Bicarbonate type 
G Chloride type 
H. No Dominent type 
Trilinear Diagram of Weil Water 
been used for the present study The diagram consist of three distinct 
fields, two triangular fields and one diamond shaped field In the triangular 
fields, plotted separately, are the percentage epm values of cations and 
anions Cations are plotted on the left and anions on the right triangle The 
over all characteristic of water is represented in the diamond shaped field 
by projecting the position of the plots in the triangular fields Thus this 
trilinear diagram is useful for visual interpretation describing differences in 
major ion chemistry in the groundwater flow system 
Groundwater Facies 
To refer the water composition in a convenient manner by 
identifiable groups, the concept of hydrochemical facies was developed by 
Back (1961, 1966), Morgan and Winner (1962) and Seaber (1962) 
Hydrochemical facies are generally distinct zones where cations and anions 
concentration are described within defined composition categories (Ophri 
and Toth, 1989) The definition of hydrochemical facies is paraphrase of 
the definition of facies as used by the geologist (Freez & Cherry, 1979) 
Facies are identifiable parts of different nature belonging to any genetically 
related body or system The composition category in a trilinear diagram is 
commonly based on subdivisions suggested by Back (1961) and Hanshaw 
(1965) 
According to Back (1961), the term hydrochemical facies is used to 
described the bodies of groundwater in an aquifer that differ in their 
chemical composition. 
The facies are a function of lithology, solution kinetics and flow 
pattern of the groundwater through the aquifer (Back, 1966) 
A perusal of (Fig 33) shows that the majority of the groundwater 
samples belong to Bicarbonate Type and few samples falls in the No 
Dominant Type in the anions facies while on the cations facies the water 
samples belong to No Dominant Type as well as to Sodium or Potassium 
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type and Calcium type the surface water samples shows Bicarbonate type 
and Calcium type on the cation facies 
Finally the trilinear diagram shows that groundwater in the study 
area belongs to an alkali Bicarbonate type 
Trace Elements 
If the concentration of certain elements in the water samples is less 
than 0 Img/I then it will be called a trace element (Davis and De Wiest, 
1966) Many of the trace elements are also known as heavy metals (Freeze 
& Cherry 1979) Some metals present in trace concentration are important 
for physiological functions of living tissue and regulate many biochemical 
processes The same metals, however, at increased concentration may have 
severe toxicological effects on human beings (Champman, 1992) At the 
same time the deficiency of trace elements are also harmful The 
deficiencies of 20-24 elements in animals and man (Frieden, 1972) have 
been recognized Elevated levels of heavy metals in the water can be 
attributed to both natural and anthropogenic sources The most significant 
and natural sources of heavy metals is weathering of rocks from which the 
released metals find their way into the water bodies Domestic and 
industrial waste-water and agricultural activities are also responsible for 
the higher concentration of heavy metals in the groundwater 
The concentration of trace elements like iron, lead, zinc, copper, 
cadmium, chromium and nickel were analyzed to check their level in the 
water samples of the study area The results of analytical data show the 
higher concentration of heavy metals in the shallow aquifers than in the 
deep aquifer water 
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Cause of Higher Concentration of Heavy Metals in the Study Area 
Agricultural Activities 
Agricultural soils of the study area are usually rich in heavy metals 
as a result of the use of various fungicides, herbicides, phosphetic 
fertilizers, organic manure and the presence of decaying plant and animal 
residue The use of wastewater irrigation has further increased the quantity 
of heavy metals in the top aquifer waters 
Domestic Waste Water 
Significant quantities of heavy metals are present in domestic 
wastewater and sewage, which raise the concentration of heavy metals in 
the groundwater A large number of heavy metals may also be contributed 
in the groundwater by corrosion of metals pipes 
Assessing the risk of groundwater contamination by agro-chemicals 
and domestic effluents has become increasingly important Watersheds 
have become increasingly sensitive to contamination as years of pesticides 
and fertilizer application accumulate in the sub-surface (Smith, 1982, 
Gallagher et al , 1996, Spalding et al , 1989, Cane and Clark, 1999) 
The results of chemical analysis are given in Appendix [X (A & B)] 
Trace Elements analysed in the Groundwater Samples of the Area 
Iron 
Iron is found in natural fresh water ranging from 0 5 to 50 mg/litre 
(WHO, 1994) Usually iron occurring in groundwater is in the form of 
ferric hydroxide, in concentration less than 0 5 ppm Higher concentration 
of iron are attained by water with low pH, and by waters derived from 
swamps and peat bogs (Karanth, 1997) Iron is an essential element in 
human nutrition Estimates of the daily requirement for iron ranges from 
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10 to '^ 0 mg/'dav But Iron becomes toxic when it crosses the permissible 
limit Children from 1 to 2 years of age are particularly vulnerable to the 
iron toxicity from the ingestion of iron supplements (Fair banks et al , 
1971) 
World Health Organization and U S Environmental Protection 
Agency recommended the acceptability value of iron as 0 3 mg/l Higher 
concentration of iron will cause stains on plumbing fixture, stains cloths 
during laundering and incrust well screen Iron bearing water also favours 
the growth of iron bacteria, which have a marked clogging effect Iron 
appreciably affects the taste of beverage 
The irpn concentration in the water samples of study area taken from 
shallow and deep aquifer ranges between 0 106 to 1 432 ppm and 0 217 to 
0 432 respectively A perusal of the Appendix-X(A & B) show that the 
concentration of iron is high in most of the shallow aquifer samples, which 
are above the permissible limits (0 3mg/l) as given by WHO (1993) 
However, the concentration of iron in the deeper aquifers is well with in 
the permissible limit except at few places Thus higher concentrations of 
iron in shallow aquifers may have an adverse effect on the public health 
Lead 
Considerable attention has been paid in recent years to the levels of 
lead in water Since most of the lead containing minerals is very sparingly 
soluble in water, which affects its extremely low concentration in the 
natural water Concentration of lead in natural waters increases mainly 
through anthropogneic activities (Goel, 1997) Lead is extremely used in 
some pesticides such as lead arsenate 
Lead is one of the hazardous and potentially harmful pollutants It 
has its impact both on man and animals Infants, children up to six years of 
age and pregnant women are most susceptible to its adverse effects Lead 
is toxic to both the central and peripheral nervous systems, inducing 
subencephalopathic neurological and behavioural effects, (WHO, 1993) 
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Moreover, lead also causes hypertension The most common symptoms of 
lead poising are anemia, severe intestinal cramps, paralysis of nerves, loss 
of appetite and fatigue (Train, 1979) Lead toxicity also causes irreversible 
damage to the brain in children WHO has recommended 0 lmg/1 of lead in 
the drinking water as the highest desirable limits. The lead concentration in 
the water samples of the study area in shallow and deep tubewells ranges 
between 0 518 to 0 146 ppm and 0 084 to 0 213 ppm respectively A 
perusal of the Appendix-X(A & B) shows that the concentration in the 
shallow aquifer is higher than the permissible limit The deeper aquifer 
water shows concentration well within limit except at few places 
Zinc 
Zinc is one of the heavy metal elements which, appears to be critical 
trace element nutrient (Carla, 1986) This essential element is found in 
virtually all food and potable water in the form of salts and organic 
complexes. It is not harmful to health except at extremely high 
concentration Levels of zinc in surface and groundwater do not exceed 
0 01 to 0.05 mg/litre limit respectively (WHO, 1993) Zinc deficiency leads 
to dwarfism, dermatitis, loss of taste, sensitivity and delay in the rate at 
which wounds heal (Carla, 1986) 
Requirement for adult is 15-20 mg/litre Drinking water containing 
zinc at level 3mg/litre may not be acceptable to consumers as it imparts an 
astringent taste to water (WHO, 1993) 
The zinc concentration in shallow aquifer of the area of the 
investigation ranges between 0 00 to 0 54 ppm and in deeper aquifer it 
ranges between 0.011 to 0 043ppm The highest concentration of zinc was 
recorded at village Chanhka 
Copper 
Copper is recognized as an essential element for both plants and 
elements (Drinking Water and Health, 1977 and World Health 
101 
Organization, 1973) Copper level in drinking water is usually low at only 
a few n gm/litre But copper plumbing may result in greatly increased 
concentrations Acute gastric irritation may be observed in some 
individuals at higher concentrations in drinking water above 3 mg/litre 
The greater danger of toxicity arises when children consume acidic 
beverage that have been in contact with copper container (Food and Drug 
Administration, 1975) Long term ingestion of copper may give rise to 
liver cirrhosis Copper concentration up to 0 05 ppm in drinking water is 
considered non-toxic (WHO, 1993) 
In the shallow aquifer of the study area copper concentration ranges 
between 0.064 to 0.556 ppm, while in deeper aquifer concentration ranges 
between 0.035 to 0.113 This shows that in shallow aquifer the copper 
concentration exceeds the permissible limit Generally, copper 
concentration in the deep aquifer water is with in the limit except at few 
places where concentration exceeds the recommended limit 
Cadmium 
Cadmium is highly toxic to man and animals (Friberg et al , 1974) 
Biologically non-essential and non-beneficent element Cadmium is 
released to the environment in waste water, and diffuse pollution is caused 
by contamination from fertilizers and local air pollution Contamination in 
the drinking water may be caused by impurities in the zinc of galvanized 
pipe in some metal fittings 
Excessive exposure to cadmium has resulted in severe health 
problem (WHO, 1984). Cadmium accumulates primarily in the kidney and 
has a long biological half life in humans of 10-35 years, thus causing 
pathological changes of kidney, tubules and glomerular changes (Itokawa 
et al , 1974, Colucci et al , 1975) There is evidence that cadmium is 
carcinogenic. Cadmium also causes renal dysfunction, hypertension, 
growth inhibition, genetic defects and testicular tumors Drinking water 
containing excessive cadmium led to the occurrence of itai-itai disease 
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among the Japanese (Kobayashi, 1970) The recommended permissible limit 
of cadmium in drinking water is 0 01 ppm (ISI, 1983, WHO, 1984) 
However, a guideline value for cadmium of 0 003mg/litre is established by 
WHO (1993) 
The concentration of cadmium in shallow aquifer ranges between 
0 00 to 0 128ppm while in deeper aquifer it ranges between 0 001 to 0 012 
ppm This shows that in the deeper aquifer concentration is with in the 
limit whereas it is higher in the shallow aquifer water 
Chromium 
Chromium is one of the most widely distributed heavy metals in the 
crust of earth The total chromium concentration in the drinking water are 
usually less than 2(ig/litre, although concentration as high as 120|ig/litre 
have been reported (WHO, 1993) Hexavalent chromium is highly toxic 
while trivalent chromium is essential for efficient Lipid, glucose and 
protein metabolism (U S Environmental Protection Agency, part II, 1983) 
Hexavalent chromium in high doses cause digestive track cancer in men 
(Guideline for Canadian drinking water quality) Disorders of skin and 
respiratory tract are common symptoms of chromium poisoning 
Respiratory intake can lead to cancer of respiratory tract (P K Goel, 
1997) High concentration of chromium in groundwater may cause 
ulceration of nasal septum and dermatitis (Singh and Bhayana, 1986) 
The chromium concentration in the groundwater of the study area 
ranges between 0 GO to 0 064 ppm in shallow aquifer water while in the 
deeper aquifer water it ranges between 0 00 to 0 042 ppm respectively 
The recommended limit of chromium is 0 05 ppm (ISI, 1983) This shows 
that in the deeper aquifer the concentration of chromium is within the 
limit 
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Nickel 
The concentration of nickel in drinking water is normally less than 
0 02mg/l. ( W H O , 1993) The average daily dietary intake of nickel is 
normall\ 0 1-0 3mg, which may be as high as 0 9 mg with an intake of 
special food The health based guidelines value in the drinking water is 
0 02 mg/litre (rounded figure) This value should provide sufficient 
protection for individuals, who are sensitive to nickel High concentration 
of nickel, as both soluble and sparingl> soluble compounds, is now 
considered as a human carcinogen in relation to pulmonary exposure 
(WHO, 1993) 
The concentration of nickel in the shallow aquifer ranges between 
0.00 to 0.08 ppm while in the deeper aquifer it ranges between 0 013 to 
0.051 ppm 
WATER QUALITY CRITERIA IN RELATION TO ITS USES 
The primary purpose of a water analysis is to determine the 
suitability of water for various specific uses, like domestic irrigation and 
industry The term water quality includes the combined physical chemical 
and biological characteristic and these characteristics are the dominant 
factor in determining the suitability of groundwater for any supply 
Howexer, it is not possible to have single criteria that can have universal 
application 
The water which is not suitable for drinking may be good for 
irrigation, or water unsuitable for irrigation may be quite suitable for 
industrial purposes (Goel, 1997) Thus it can be seen that each use of 
water has its own limits on the degree of pollution it can accept Every use 
of water requires a certain minimum quality of water with regard to the 
presence of dissolved and suspended materials of both chemical and 
biological nature The minimum quality of water should ensure no harm to 
the user. 
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In the present study only physical and chemical characteristics of 
groundwater are considered to establish its suitability for various 
purposes 
Drinking and Domestic Standards 
In view of the direct consumption of water by human beings, the 
domestic water supply is considered to be most critical use of water The 
water for this purpose should be chemically and biologically safe and be 
free from undesirable physical properties such as colour and turbidity and 
have no unpleasant test or odour (Karanth, 1997) 
The World Health Organization (1984), Indian Standard Institution 
(1983) and Indian Council of Medical Research (ICMR) have laid down 
drinking water standards, which assure in general, the protection of human 
health 
Accordingly, the concentration of various major and trace elements 
in the water samples of the study area were compared with the drinking 
water standard of World Health Organization (1984), as well as Indian 
Standard Institution (1983) which are given the table-13 
The table shows that the concentration of pH, EC, Ca, Mg, Na, K, 
HCO^, CO3, CI, SO4, and F are well with in the permissible limits 
However, the concentration of trace element like Fe, Cd, Pb, Cu, Cr, and 
Ni are found higher than the permissible limits in the top aquifer water 
These elements are harmful and insidious pollutant because of their 
adverse effect on certain level of exposure 
The concentrations of individual ions and elements have already 
been discussed in detail 
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Water Quality Criteria for (Irrigation) 
The suitability of groundwater for irrigation is a complex subject 
and as such it has not been possible to have an agreed criteria on a 
universal basis because growth of a particular crop depends on many 
factors other than the chemistry of water. However, chemical quality of 
water is an important factor to evaluate the suitability of water for 
irrigation (Gupta, 1989) 
Good quality water with proper cropping practices permits maximum 
yield consistent with proper soil and water management, (Fletcher, 1987). 
For successful agricultural practices, it is very important to assess 
the hazards, which affect the crop productivity. The major parameters of 
concern are salinity denoted by dissolved solids and conductivity, 
potentially toxic trace elements and herbicides. Besides, the presence of 
sodium is also an important parameter, the excess quantities of which can 
deteriorate the soils (Goel, 1997). 
The germination of seed is reduced when excessive accumulation of 
salts exist in the soil as it causes flocculation resulting into the formation 
of a relatively impermeable crust which lowers the permeability and 
fertility of the soil (Hem, 1959) 
Besides, the above suitability criteria there are some other important 
factors such as nature and composition of the soil, depth to water table, 
topography of land, climate, the amount of water used and the methods of 
its applications, the type of crop grown and method of crop management. 
To study the suitability of groundwater in the study area for 
agricultural uses, the electrical conductivity, relative proportion of sodium 
to other cations, residual sodium carbonate and concentration of certain 
specific elements were taken into consideration in the present study. 
Moreover, chemical analysis data were processed, plotted and interpreted 
on the basis of the established guidelines as proposed by various workers. 
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Salinity and Sodium Hazards 
The total dissolved solid content, measured in terms of specific 
electrical conductance, gives the salinity hazard of irrigation water. 
Besides, the sodium content in the irrigation water reacts with the soil, 
which lowers its permeability and fertility. High value of sodium may also 
damage the sensitive crops because of sodium phytotoxicity (Goel, 1997). 
Based on the sodium adsorption ratio and electrical conductivity, a 
graphic classification was given by US Salinity Laboratory Staff, (USSL, 
1954) to help interpreting the suitability of water quality for irrigational 
uses. 
Sodium Adsorption Ration (SAR) and conductance values are taken 
into consideration because they behave as an index of salinity hazards 
which have an adverse effect on the suitability of irrigation water. 
The Sodium Adsorption Ratio (SAR) is defined as 
Na 
SAR = 
r^] 
where concentration of these ions are expressed in epm. 
The quality classification for irrigation water is given below in table-
14 (After USSL, 1954) 
Table-14 Water Qi 
CATEGORY 
EXCELLENT 
GOOD 
FAIR 
POOR 
uality Classification (after 
EC (^mhos/cm at 25°C) 
<250 
250-750 
750-2250 
>2250 
USSL, 1954) 
SAR 
Upto 10 
10-18 
18-26 
> 26 
A perusal of the diagram (Fig. 34) shows that except the lone water 
sample collected from Padarathpur village which falls under Ci-Si class the 
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dominant percent of the water sample are confined to C2-S1 class and C3-
Si class respectively 
This clearly shows that the groundwater quality of the study area is 
suitable for the irrigation 
Residual Sodium Carbonate (RSC) 
The Residual Sodium Carbonate (RSC) has been calculated to 
determine the hazardous effect of carbonate and bicarbonate on the quality 
of water for agricultural purposes (Eaton, 1950) and has been determine by 
the formula 
RSC = (COj" + HCO3 •) + (Ca ' + Mg ' ) 
Where, the concentration of cations and anions are expressed in epm 
On the basis of RSC, Eaton (1950) gave following classification 
Table-15 Water Quality Classincation on the basis of RSC 
(after Eaton, 1950) 
WATER QUALITY 
EXCELLENT 
GOOD 
FAIR 
POOR 
RESIDUAL SODIUM CARBONATE 
(epm) 
< 1 25 
< 1 25 
1 25-2 5 
>2 5 
The value of residual sodium carbonate have been calculated 
(Appendix-IX B) and compared with above classification which reveals 
that most of the values are within the limits of suitability except the few 
values which are found above the limits However, in general it can be said 
that the groundwater of the study area is suitable for irrigation uses 
Wilcox (1955), proposed another graphic classification for the 
irrigation water based on electrical conductivity and soluble sodium 
percent and boron concentration (Fig 35) 
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The soluble sodium percent is calculated by the following formula. 
Na% = xlOO Ca^' + Mg"' + Na* + K' 
Where all concentration are expressed in epm. Wilcox (1955) 
classified irrigation water which are as follows 
Table-16 Classification of Water Quality (after Wilcox, 1955) 
CATEGORY 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
SODIUM PERCENT 
<20 
20-40 
40-60 
60-80 
>80 
EC (^mhos/cm at 25°C) 
<250 
250-750 
750-2000 
2000-3000 
>3000 
A glance of the Wilcox's diagram (Fig. 35) shows that 20% samples 
fall under good to permissible quality while rest of the samples fall under 
excellent to good quality with the few exceptions of the water sample 
which He in the permissible to doubtful category. 
This is in conformity with USSL diagram and Eaton's formula, 
where in general, the groundwater quality is suitable for irrigation. 
The beneficial role of the trace elements in the proper growth of 
plant can not be ignored, and accordingly Federal Water Pollution Control. 
Federation U.S.A. (1968) and Ayers and Branson (1975) put forward the 
tolerance limit in groundwater for irrigation and suggested proper 
interpretation of analytical data; trace elements like Cu, Zn, Fe were 
determine in water samples The results obtained were compared with the 
standard limit (FWPCF, 1968; Ayers and Branson, 1975). 
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TABLE-17 Trace elements tolerance limit of irrigation water 
(after FWPCF, 1968 and Ayers and Branson, 1975) 
Const i tuents 
Iron 
Cadmium 
Lead 
Manganese 
Copper 
Zinc 
Water Use 
FWPCF (1968) 
Continuous 
-
0.005 
05.00 
02.00 
00.20 
05.00 
Short term 
in fine 
textured soil 
-
00 05 
10 00 
05 00 
05.00 
10.00 
Water Use 
Ayers and Branson (1975) 
Continuous 
05.0 
0.01 
05 0 
00.2 
0.20 
02.0 
Short term 
in fine 
textured soil 
15 00 
0 05 
10.00 
10 00 
05.00 
10 00 
The trace element concentrations in the groundwater samples from 
the study area were found well within the permissible limit for agricultural 
uses. From the above discussions, it can be inferred that the groundwater 
quality of the Ganga-Kali sub-basin in the Patiyali sub-division is suitable 
for irrigation purposes. 
Industrial Uses 
Quality requirements of water, used in different industrial purposes 
vary widely, and it is not possible to list general criteria for all industries. 
Herman & Bouwer (1978) have also mentioned that industrial water use is 
quite diverse and water quality requirements vary greatly for different 
industries. 
The purest water are required for manufacture of pharmaceuticals 
while for mining industry, the quality standards are less exacting (Karanth, 
1997) Make up water for high pressure boiler must meet extremely 
exacting criteria where as water of as low a quality as sea water can be 
satisfactorily employed for cooling of condensers (Walton, 1970). 
Ill 
The municipal supply are generally good enough to satisfy the 
quality requirements of most industrial water with the exception of those 
used in boiler About 60% of the water used by industry must be treated to 
meet quality standards, (Fairbank et al , 1971). 
Hardness of water is an important factor in determination of water 
quality for industrial purposes Accordingly the groundwater quality of the 
study area after preliminary treatments for hardness is considered suitable 
for industrial purposes 
Surface Water and its Relationship with Ground Water Quality 
In the areas, where irrigation is usually practiced, the water seepage 
from canal and deep percolation from irrigation applications frequently 
alter natural groundwater quality (USGS Manual, 1985). In the entire area 
it is evident that the presence of canal network has a direct bearing on the 
quality of groundwater 
The study shows that the higher values of pH, HCO3, hardness EC, 
RCS are observed in the water sample of upland areas in general The 
Lower Ganga Canal, which traverses along the central upland, which 
practically divides the area into two equal halves, a large dilution of 
groundwater has come into play through interaction with canal water. 
The level of dilution is intense along the canal, which gradually 
decreases as it goes away from it All along the right bank of the Ganga in 
its high stage when the Ganga water inundates the adjacent area dilution of 
the chemical constituents are thus affected. 
Further, it is also observed that in the southeast part of the upland 
where there is no canal the concentration of chemical constituents is 
higher, which clearly shows that the concentration of chemical constituents 
in the groundwater is affected by surface water interaction. Table - 18 
shows the surface water quality and its comparison with WHO (1984) and 
ISI(1983) 
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UMMAE 
AND 
CONCLUSIOM 
SUMMARY AND CONCLUSION 
Among the varied natural endowments, water, its availability, quality 
and cost effective distribution have become issues of serious concern to 
both city dwellers and people living in rural areas. Out of the total 
exploitation of water resources in the country, groundwater share is almost 
50% However, it has not been given its due share of attention so far in the 
water resource planning program. The increasing agricultural and social 
activities have put greater demand and stress on groundwater development. 
For evolving policies for the better use of groundwater resources, basin 
wise estimates of utilizable groundwater resources, taking into account the 
groundwater recharge and draft, are the need of the hour In pursuance of 
the above, an attempt has been made to make a comprehensive study of the 
aquifer system and evaluate the groundwater resources of Patiyali sub-
division in parts of the Ganga Kali sub-basin for its optimal utilization. 
The Patiyali sub-division spreads over an area of 1106 sq. km and 
lies between the latitude 27° 33' to 27° 53' N and longitude 78° 48' to 79° 
i r E. and falls under the survey of India toposheet number 54 1/13, 54 
1/14, 54 M/I and 54 M/2. The area is divisible into three distinct 
physiographic units; the Low Valley of the Ganga, Eastern Upland and 
Aliganj Plain The area is drained by the Ganga, abandoned channel of the 
Ganga and the river Kali. These rivers flow to the southeast direction. 
Three major soil types, sandy loam, sandy loam to loam and clayey loam 
are observed in the study area. Irrigation facilities both through tubewells 
and canals are available for an area of 53693 hectare (which is 77% of the 
net sown area) of which 81% is irrigated through groundwater and 19% by 
the canals. 
The area of investigation lies in the sub tropical climatic zones of 
India The average annual rainfall is 716mm. The southwest monsoon (mid 
June to September) provides 80% of the annual rainfall the standard 
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deviation of rainfall is 223 83mm and the coefficient of variation is 
29 80% the frequency of occurrence of the mild drought is 28 42 %, the 
normal drought is 17 89 % and the severe drought is 2 11 % 
Geologically. Bundelkhand granite forms the basement complex, 
which is unconformably overlain by the Upper Bhander shale of Upper 
Proterozoic age and is further overlain by the Neogene Siwaliks, which is 
upward overlain by Quaternary alluvium The Quaternary alluvium consists 
of alternate beds of sand and clay with occasional interbeds of calcareous 
concretion The basement topography comprises alternate ridges and 
depressions 
In the southeast of the study area, Upper Bhander shale was 
encountered at a depth of 336 m b.g 1 further, in the east an exploratory 
well was drilled down to 425 m b g 1 but no bed rock was encountered, 
which shows that the thickness of the Quaternary alluvium in the area 
increases due east close to the river Ganga Thus stratigraphically the 
Upper Bhander shale forms the bed rock in the study area which is overlain 
by more than 336m thick Quaternary alluvium This shows that the 
thickness of the alluvium increases due east as indicated by the drilling 
data Application of the remote sensing techniques have helped in 
delineating the various landform features, such as abandoned channels, 
meander scars, channel bars, younger and the older alluvium 
Further, the study shows that migrating nature and hydrodynamics of 
the river Ganga over the years has generated three types of aquifers i e 
channel deposits with huge groundwater potential, flood plain deposits, 
moderately potential and back swamp deposits with poor groundwater 
potential 
A principle clue to groundwater conditions of an area is its 
hydrogeological cross sections and fence diagram, which indicate the 
lateral and vertical dispositions of the aquifer zones in the area 
A perusal of the fence diagram and the hydrogeological cross-
sections show that by and large there occurs a single bodied aquifer system 
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down to a depth of ]63ni However, in the cross section C - D and G - H, 
it is observed that the clay beds of sizable thickness are interleaved with 
the granular zones which appear to impart a two to three tier aquifer 
systems But these clay beds after some distance due east gradualK pinches 
out 
A perusal of the grain size analyses data of the aquifer materials 
shows that the effective size of the aquifer materials ranges between 0 088 
to 0 134mm, which shows that the sand size ranges between medium to 
fine while the effective size of the Ganga and Kali sediments ranges 
between 0 129 to 0 145mm and 0 074 to 0 077mm which indicates that 
the Kali sediments are slightly finer than the Ganga sediments 
The uniformity coefficient of the aquifer materials ranges between 
1 45 to 2 38, which indicate that except at few places, the porosity is 
generally high The Ganga sediments also show a high porosity The 
hydraulic conductivity of the aquifer materials ranges between 39 74m/day 
to 92 44m/day The hydraulic conductivity of the Ganga sediments is more 
than that of Kali sediment 
Further, a network of 188 observation wells was established and the 
relevant hydrogeological data were collected during 1996 and 1997 where 
the measured water levels are presented as pre and post monsoon depth to 
water level maps, water level fluctuation maps, pre and post water table 
contours maps, piezometric surface map and hydrographs 
The pre-monsoon depth to water level maps (June, 1996 & 1997) 
show that the deepest water level 10 65 and 10 85 were recorded at the 
southeastern end of the area while the shallowest level 1 77m and 1 80m 
were recorded along the Lower Ganga Canal A perusal of the post 
monsoon depth to water level maps show that the shallowest and the 
deepest water level ranges between 0 96 and 1 04m to 10 20 and 10 35m 
during the observation years 1996 and 1997 The water level fluctuation in 
the area ranges between 0 31m to 2 39m and 0 23 to 2 54m in the year 
1996 and 11997 respectively The largest part of the area is covered by 1-
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I Sm fluctuation /one, which is followed by 0 5-1 0 m zone A perusal of 
the pie-monsoon water table contour maps show that the elevations of 
water table ranges from 165m above the mean sea level in the northwest to 
142m in the southeast which shows that the regional groundwater flow in 
the study area is from northwest to southeast direction Besides, varied 
local flow directions were also observed These local flows were developed 
due to some local factors There are eight groundwater mounds of which 
six mounds are observed on the right and left banks of the Lower Ganga 
Canal These mounds were formed due to the excessive seepage from the 
canal Moreover, two troughs in the southeastern and one in the 
southwestern part of the study area were developed due to excessive 
withdrawal of the groundwater The post monsoon water table maps 
remain more or less same except the southwestern trough, which 
disappeared in the post monsoon periods. The river Ganga and Kali behave 
as effluent streams The hydraulic gradient was observed steeper along the 
old channel of the Ganga (6 5 m/km) and rather flat in the low valley of 
the Ganga and the central upland (0 25 m/km) 
The peizometric level map shows a similar pattern to that of the 
water table contours maps which reveals that the top aquifers are 
interconnected with the underlying semi confined aquifers 
A perusal of the hydrographs of permanent observation well network 
indicate that the water level variations is cyclic and sinusoidal as a 
function of time and space The maximum fall in the water level is 
recorded at Sidhpura where the rate of fall is 0 204m/year In the 
Ganjdundwara town rising trend of water level is attributed to its 
proximity to the Lower Ganga Canal. Further, the study indicates that the 
response of water level to rainfall and drought is quick, thus, changes in 
water level is due to change in the intensity and distribution of rainfall 
The transmissivity value in the area of investigation ranges between 
489mVday to ]672mVday, the hydraulic conductivity ranges between 
13m/day to 69m/day and the specific capacity index values ranges between 
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1 Im/day to 57m/day The specific capacity of the state tubewells were also 
calculated which ranges between 401m^/day to 1359m^/day 
The only pumping test conducted in the area reveals the 
transmissivity value as 2178 34 m^/day, storativiiv 1 12x10"' and hydraulic 
conductivity as 121m/day 
The groundwater resource evaluation studies reveal the net annual 
recharge in the area as 212 13 MCM and the net draft as 115 04 MCM 
leaving a balance of 97 09 MCM as utilisable groundwater resource 
potential for further development Further, as per the NABARD'S norms 
the area falls under the white category 
The chemical analysis results show that the groundwater in the study 
area is alkaline, hard and moderately mineralized Further, the values of 
major ions are found well with in the permissible limits However, the 
heavy metals concentration in the upper aquifer water is observed above 
the permissible limits But, their concentrations were found well within the 
limits in the deeper aquifer water Further, the chemical analyses show that 
the groundwater in the basin belongs to the Bicarbonate facies of anion 
group and Na-K type of cation group with few exception which belong to 
No Dominant class 
Moreover, the analytical data were compared with the various water 
quality criteria for drinking and irrigational purposes, where the water of 
the basin was found suitable for irrigational purposes but for drinking 
purpose only deeper aquifer should be tapped 
Finally, the study shows that area is groundwater worthy and has 
potential aquifers for future development Further, the study shows that 
the area is beset with the dual situations of water logging from Lower 
Ganga Canal and a declining trend of water table where there is no canal 
To strike a balance and make and optimum use of water resources of the 
basin some recommendations are suggested as below 
1 The canal should be lined in order to check the seepage into the top 
aquifers below the canal beds 
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2 Shallow tubewells of 15m depth be installed at every 200m length of 
the canal on the two banks in order to augment the flow of the canal 
on one hand and on the other to transfer the water to recharge the 
dry dugwells in the tract where the water level are showing declining i\J^ 
trend ^^ jx^  
3 The dry dugwells in every village be recharged from the monsoon 
discharge in the adjacent abandoned channel and during the non-
monsoon period from the shallow tubewells along the canals. 
This measure on one hand will push down the water table along the 
canal, 3-5 meters below the ground level so that the capillary action stands 
checked and thus soil salinisation will stop and thus water logged area can 
be reclaimed. Moreover, recharge of the dry dugwells will arrest the 
declining trend of the water table. 
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APPENDIC 
APPENDIX! 
RAINFALL DATA ANALYSIS 
The mean of 97 years of Rainfall = 751.04 mm 
The standard deviation = 223. 83nmi 
The coefficient of variation = 29.80% 
Year 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
Annual Rainfall in mm 
656.31 
494.24 
851.63 
979.07 
328.12 
901.05 
554.00 
593.57 
824.49 
571.20 
584.67 
528.52 
411.73 
760.44 
605.50 
1040.96 
1072.76 
208.00 
Year 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
Annual Rainfall in mm 
800.57 
649.45 
1183.56 
1113.43 
553.40 
889.80 
740.64 
899.90 
803.86 
391.07 
696.40 
703.00 
774.42 
383.70 
892.59 
763.20 
516.63 
1180.52 
Year 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Annual Rainfall In mm 
621.00 
452.88 
717.76 
853.44 
466.00 
866.90 
%2.90 
384.50 
768.00 
884.93 
491.50 
724.10 
969.20 
769.00 
618.92 
582.40 
586.50 
855.97 
885.40 
1223.00 
667.70 
1124.70 
664.90 
1227.70 
1089.70 
Year 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
Annual Rainfall in m m 
659.80 
949.80 
942.60 
821.60 
489.30 
976.70 
709.80 
852.70 
760.00 
1153.27 
720.34 
704.21 
1094.00 
790.00 
964.50 
797.00 
684.10 
966.40 
595.10 
781.60 
1030.10 
403.30 
790.90 
526.30 
Year 
1987 
1988 
1989 
1990 
1991 
1992 
Annual Rainfall in mm 
377.80 ' 
870.40 
611.00 
549.60 
712.90 
607.60 
Year 
1993 
1994 
1995 
1996 
1997 
Annual Rainfall in mm 
953.30 
576.46 
1032.95 
1062.83 
668.20 
STATISTICAL ANALYSIS OF RAINFALL DATA 
Interval 
200-300 
300-400 
400-500 
500-600 
600-700 
700-800 
800-900 
900-1000 
1000-1100 
1100-1200 
1200-1300 
Frequency 
1 
5 
7 
13 
13 
18 
15 
10 
7 
5 
2 
Z f ^ 6 
U 
-5 
-4 
-J 
_2 
-1 
0 
1 
2 
3 
4 
5 
U^ 
25 
16 
9 
4 
1 
0 
1 
4 
9 
16 
25 
Uf 
-5 
-20 
-21 
-26 
-13 
0 
15 
20 
21 
20 
10 
HUM 
U f^ 
25 
80 
63 
52 
13 
0 
15 
40 
63 
80 
50 
ZU'f=481 
Mean Rainfall (x) = X,+ 
c(Suf) 
= 750 + 100 r 1 ^ 
96 V^uy 
750 + 1 04 
751 04 mm 
Standard Deviation (S D ) = C (zu f^) rduf) 
= 100, 
r481 
96 96 
lOOVS 0 1 - 0 0001 
100V50099 
100x2 23883 
223 83 mm 
Coefficient of Variation SD 
1^ 223 83^ 
xlOO 
xlOO 
•y V751 04, 
0 2980x100 
29 80% 
APPENDIX-n 
BOREHOLE LITHOLOGICAL LOGS IN THE STUDY AREA 
(Depth Range and Thickness in Meter) 
Tubewell No. 
Location 
182 AG 
Rani Damar 
LITHOLOGY 
Surface clay 
Very fine sand 
Fine to medium sand 
Clay and kankar 
Medium to coarse sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
DEPTH RANGE 
0 0 - 0 3 
0 3 - 1 2 
12-40 
4 0 - 4 5 
4 5 - 7 1 
7 1 - 7 6 
7 6 - 8 5 
8 5 - 9 5 
95-113 
113-125 
THICKNESS 
03 
09 
28 
05 
26 
05 
09 
10 
18 
12 
Tubewdl No. 
Location 
180 AG 
Nagla Raghi 
LITHOLOGY 
Surface clay 
Fine sand 
Fine to medium sand 
Medium sand 
Clay and kankar 
Medium to coarse sand 
Clay and kankar 
Medium sand 
Sandy clay and kankar 
DEPTH RANGE 
0 0 - 0 3 
0 3 - 3 0 
3 0 - 3 6 
36 -44 
4 4 - 4 8 
4 8 - 7 2 
72-100 
100-125 
125-131 
THICKNESS 
03 
27 
06 
08 
04 
24 
28 
25 
06 
Tubewell No. 
Location 
177AG 
Badhaula 
LITHOLOGY 
Surface clav 
Fine sand 
Medium sand 
Sand with clay 
Find sand 
Clay and kankar 
Medium sand 
Fine sand 
DEPTH RANGE 
00 0 - 06 1 
0 6 1 - 3 0 5 
30 5 - 73 2 
73 2 - 79 3 
79 3 - 85 4 
85 4 - 9 4 5 
94 5 -109 8 
109 8-128 0 
THICKNESS 
06 1 
24 4 
42 7 
061 
06 1 
09 1 
153 
182 
Tubewdl No. 
Location 
176 AG 
Bahora 
LITHOLOGY 
Surface clay 
Fine sand 
Medium to coarse sand 
Fine sand 
Medium to coarse sand 
Sandy clay and kankar 
Clay and kankar 
Medium sand 
Clay and kankar 
DEPTH RANGE 
00-03 
03-12 
12-24 
24-36 
36-65 
65-88 
88-94 
94-112 
112-121 
THICKNESS 
03 
09 
12 
12 
29 
23 
06 
18 
09 
Tubewdl No. 
Location 
175AG 
Miaun 
LITHOLOGY 
Surface clay 
Fine sand 
Coarse sand 
DEPTH RANGE 
00 0 - 06 1 
06 1 - 30 5 
30 5 - 54 9 
THICKNESS 
06 10 
24 40 
24 40 
Clay and kankar 
Fine sand 
Clay and kankar 
Sand with clay & kankar 
Medium sand 
Sand with clay & kankar 
54 9 - 6 1 0 
61 0 - 6 7 1 
67 1-91 6 
91 6 - 9 7 6 
97 6-134 2 
134 2 - 1 4 0 3 
06 10 
06 10 
24 50 
06 00 
36 60 
06 10 
Tubewell No. 
Location 
61 KG 
Garkha 
LUHOLOGY 
Surface clay 
Fine sand 
Medium sand 
Clay and kankar 
Hard clay 
Fine sand 
Sandy clay 
Very fine sand 
Medium sand 
Medium sand & kankar 
Hard clay 
Medium sand stone 
Medium sand & kankar 
Fine sand 
Hard clay 
DEPTH RANGE 
00 0 - 03 0 
03 0 - 06 0 
0 6 0 - 1 8 0 
18 0 - 2 4 0 
24 0 - 30 0 
3 0 0 - 3 3 0 
3 3 0 - 3 9 0 
39 0 - 42 0 
42 0 - 54 0 
54 0 - 66 0 
66 0 - 80 0 
80 0 - 87 0 
87 0 - 90 6 
90 7 - 99 0 
99 0 -105 0 
THICKNESS 
03 
03 
12 
06 
06 
03 
09 
03 
12 
12 
14 
07 
37 
83 
06 
Tubewell No. 
Location 
100 AG 
Bhargain 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
DEPTH RANGE 
0 0 - 0 3 
0 3 - 2 4 
2 4 - 3 0 
3 0 - 3 6 
3 6 - 4 2 
4 2 - 5 2 
5 2 - 7 5 
7 5 - 8 0 
80-102 
102-110 
THICKNESS 
03 
21 
06 
06 
06 
10 
23 
05 
22 
08 
TubeweU No. 
Location 
99 KG 
Dundra 
LITHOLOGY 
Surface clay 
Very fine sand 
Fine sand 
Clay and kankar 
Fine sand 
Fine to medium sand 
Medium sand 
DEPTH RANGE 
0 0 - 0 3 
0 3 - 0 6 
0 6 - 3 1 
3 1 - 4 9 
4 9 - 6 4 
64-100 
100-125 
THICKNESS 
03 
03 
25 
18 
15 
36 
25 
TubeweU No. 
Location 
SAG 
Sahori 
LITHOLOGY 
Top soil 
Sand fine 
Clay 
DEPTH RANGE 
00.00-03.05 
03.05-21.40 
21.40-26.80 
THICKNESS 
03.05 
18.35 
05.40 
, Sand fine mixed with clay 
Clay and kankar 
Kankar mixed with little clay 
Clay and kankar 
Sand very fine 
Sand fine 
Clay and kankar 
Sand fine 
Fine sand mixed with occasional kankar 
Sand medium 
Clay and kankar 
Sand medium 
Clay and kankar 
TubeweU No. 204AG 
Location : Gajora 
NATURE OF STRATA 
Sandy clay 
Fine to medium sand 
Medium sand with kankar 
Clay with kankar 
Fine sand 
Fine to medium sand 
Medium sand 
Fine to medium sand 
Medium sand & hard stone 
Clay with kankar 
Fine to medium sand & stone 
Clay with kankar 
Loose clay 
Sandy clay 
26 80 - 35 30 
35 3 0 - 3 7 3 1 
37 3 1 - 4 0 90 
40 90 - 44 96 
44 96 - 49 20 
49.20-56 51 
56 5 1 - 5 9 31 
59 31-59.92 
59 92 - 63 00 
63 00 - 66 29 
66 29 - 86 01 
86 01-91.90 
91.90-100 00 
DEPTH RANGE 
00.0-01.5 
01 5 - 07 5 
07.5-12 9 
12.9-16 5 
16 5 - 1 9 5 
19 5 - 22 5 
22.5-25.5 
25.5-28.5 
28.5-34.2 
34.2 - 42 9 
42 .9 -516 
51.6-64,5 
64 5 - 70.5 
70.5 - 76.5 
08 50 
02 01 
03 59 
04 06 
04.24 
07.30 
02 80 
00.61 
03 08 
03.29 
19 72 
05.89 
08.10 
TfflCKNESS 
01.5 
06.0 
05 4 
03 6 
03 0 
03 0 
03.0 
03 0 
05.7 
08.7 
08.7 
12.9 
06.0 
06.0 
Clay and kankar 
Hard clay 
Caving clay 
76.5-82.5 
82.5-85.5 
85.5-90.0 
06.0 
03.0 
04.5 
Tubewell No. 
Location 
27 AG 
Allahdeenpur 
Nature of Strata 
Surface clay 
Medium sand 
Clay with kankar 
Medium sand 
Medium sand & sand stone 
Clay with kankar 
Medium sand 
Medium sand & sand stone 
Medium sand 
Clay with kankar 
Very fine sand 
Medium sand 
Hard clay 
Hard clay with kankar 
Hard clay 
Depth Range 
00.0-04.5 
04.5-13.5 
13.5-22.5 
22.5-31.5 
31.5-33.6 
33.6-41.4 
41.4-46.5 
46.5 - 52.5 
52.5-63.0 
63.0-70.5 
70.5-73.5 
73.5-78.9 
78.9 - 88.5 
88.5-100.5 
100.5-112.5 
Thickness 
04.5 
09.0 
09.0 
09.0 
02.1 
07.8 
05.1 
06.0 
10.5 
07.5 
03.0 
05.4 
09.6 
12.0 
12.0 
TnbeweU No. 
Location 
214 
Harora 
Nature of Strata 
Surfeceday 
Medium sand 
Sandy day 
Fine sand 
Medium sand 
Depth Range 
-0 .0 -4 .5 
4.5 - 10.5 
10.5-13.5 
13.5-16.5 
16.5-31.5 
Thickness 
04.5 
06.0 
03.0 
03.0 
15.0 
M. Sand with stone 
Clay 
Fine sand 
Medium sand with stone 
Hard clay 
Fine sand 
Hard clay 
Caving clay 
Fine sand 
Medium sand 
Medium sand to stone 
Fine sand 
Hard clay 
Clay 
TubeweU No. 122 
3 1 . 5 - 3 7 5 
37.5-39.0 
39.0-43.5 
43.5-50.4 
50.4-55.5 
55.5-61.5 
61.5-64.5 
64.5 - 70.5 
70.5 - 73.5 
73.5-85.5 
85.5-93.0 
93.0-97.5 
97.5-103.5 
103.5-111.0 
Location Akbarnagar Paliya 
Nature of Strata 
Surface clay 
Fine sand 
Fine sand 
Sand with clay 
Clay with kankar 
Clay 
Clay with kankar 
Sand with clay 
Clay 
Sand with c l ^ 
Fine sand 
Fine to medium sand 
Medium sand 
Sand with clay 
Depth Range 
0 0 - 0 3 
0 3 - 0 9 
0 9 - 0 6 
6 0 - 6 3 
6 3 - 7 2 
7 2 - 7 8 
7 8 - 8 1 
8 1 - 8 7 
8 7 - 9 9 
9 9 - 1 0 5 
105-111 
111-123 
123-135 
135-138 
06.0 
01.5 
04.5 
06.9 
05.1 
06.0 
03.0 
06.0 
03.0 
12.0 
07.5 
04.5 
06.0 
07.5 
Thickness 
03.0 
06.0 
51.0 
03.0 
09.0 
06.0 
03.0 
06.0 
12.0 
06.0 
06.0 
12.0 
12.0 
03.0 
Tubewell No. 
Location 
25 
Ajijpur 
Nature of Strata 
Fine sand 
Medium sand 
Hard clay 
Loose clay + Kankar 
Very fine sand + Kankar 
Fine to medium sand + Kankar 
Loose clay + Kankar 
Loose clay 
Hard clay 
Sandy clay 
Medium sand + Sand stone 
Hard clay 
Fine sand 
Fine to medium sand 
Clay + Kankar + Sandstone 
Hard clay + Sand stone 
Hard clay + Hard sand stone 
Medium sand + Hard sand stone 
Hard clay + Hard sand stone 
Depth Range 
00 0 - 04 5 
0 4 5 - 1 3 5 
13 5 - 1 6 5 
1 6 5 - 1 9 5 
19 5 - 2 2 5 
22 5 - 25 5 
25 5 - 28 5 
28 5 - 34 5 
34 5 - 37 5 
37 5 - 42 0 
42 0 - 48 6 
48 6 - 55 5 
5 5 5 - 5 8 5 
58 5 - 63 0 
63 0 - 7 1 1 
71 1 - 92 1 
92 1-105 0 
1050-1122 
112 2 -122 1 
Thickness 
045 
090 
03 0 
03 0 
03 0 
03 0 
03 0 
060 
03 0 
045 
066 
069 
03 0 
045 
08 1 
210 
12 9 
07 2 
099 
Tubewell No. 
Location 
Nature of Strata 
Surface clay 
Fine sand 
Clay and kankar 
Fine sand 
[Kankar 
111 
Bastarmau 
Depth Range 
00-03 
03-12 
12-18 
18-24 
24-57 
Thickness 
03 
09 
06 
06 
33 
Medium sand 
Clay 
Medium sand 
Clay and kankar 
5 7 - 7 6 
7 6 - 8 2 
8 2 - 1 2 4 
124-131 
19 
06 
42 
07 
Tubewell No. 
Location 
203 
Chiroli Khati 
Nature of Strata 
Very fine sand 
Medium sand 
Medium sand + sand stone 
Sticky day + kaokar 
Fine to medium sand + sand stone 
Clay + kankar 
Medium sand + pd)bles 
Coarse sand + pd)bles 
Coarse sand + sand stone 
Fine sand 
Fine to medium sand + sand stone 
Clay with kankar 
Very fine sand 
Clay 
Depth Range 
00.00-04.50 
04.50-10.50 
10.50-13.50 
13.50-18.00 
18.00-24.30 
24.30-25.20 
25.20 - 28.50 
28.50-31.50 
31.50-36.00 
36.00 - 37.50 
37.50-46.80 
46.80-57.00 
57.00-64.50 
64.50 - 69.00 
Thickness 
04.5 
06.0 
03.0 
04.5 
06.3 
00.9 
03.3 
03.0 
04.5 
01.5 
09.3 
10.2 
07.5 
04.5 
TubeweU No. 
Location 
208 
Muni 
Nature of Strata 
Surface sand 
Medium sand 
Clay 
Clay + kankar 
Medium sand | 
Depth Range 
0.00 - 4.50 
04.5-10.5 
10.5-13.5 
13.5-16.5 
16.5-29.7 
Thickness 
04.5 
06.0 
03.0 
03.0 
13.0 1 
Fine sand + kankar 
Fine to medium sand 
Medium sand 
Hard clay 
Fine sand 
Fine to medium sand 
Caving clay 
Hard clay 
Hard clay + boulder 
Clay + boulder 
Fine to medium sand 
Medium sand 
Fine sand 
Clay hard 
29 7 - 3 1 5 
31 5 - 3 4 5 
3 4 5 - 3 7 5 
37 5 - 40 5 
40 5 - 43 5 
43 5 - 50 7 
50 7 - 61 5 
61 5 - 67 5 
67 5 - 70 5 
70 5 - 73 5 
73 5 - 82 5 
82 5 - 95 0 
95 0 - 104 0 
1040-1100 
01 0 
03 0 
03 0 
03 0 
03 0 
07 0 
10 0 
060 
03 0 
03 0 
090 
12 0 
090 
060 
Tubewell No. 
Location 
227 
Mayansur 
Nature of Strata Depth Range Thickness 
Surface clay 
Fine to medium sand 
Hard clay 
Fine sand 
Fine to medium sand + stone 
Hard clay with kankar 
Fine to medium sand + stone 
Hard clay with kankar 
Fine to medium sand + kankar 
Hard clay 
Fine to medium sand + kankar 
Clay with kankar 
Caving clay 
0 00 - 04 50 
4 5 0 - 1 0 5 
10 5 - 1 6 5 
1 6 5 - 1 9 5 
19 5 - 3 4 5 
34 5 - 39 0 
39 0 - 43 5 
43 5 - 4 6 5 
4 6 5 - 5 1 0 
5 1 0 - 5 6 4 
56 4 - 67 5 
67 5 - 73 5 
73 5 - 79 5 
045 
060 
060 
03 0 
150 
045 
045 
03 0 
045 
05 4 
11 1 
060 
060 
Hard clay 
Fine sand 
Caving clay 
Tubewell No. : 210 
Location Jaidhar 
Nature of Strata 
Surface sand 
Fine sand 
Medium sand 
Clay kankar 
Fine sand 
Fine sand + kankar 
Medium sand 
Fine to medium sand + Kankar 
Fine sand 
Hard clay 
Clay 
Fine sand 
Fine to medium sand 
Medium sand 
Clay 
Clay + kankar 
Fine sand + Kankar 
Hard clay + Kankar 
Clay caving + Kankar 
Fine sand + Kankar 
Fine sand 
Medium sand 
Medium sand + Stone 
' Medium sand 
79.5 - 97 5 
97 5-102 0 
102 0 -105 0 
Depth Range 
00 0-04.5 
04.5-07 5 
07.5-10.5 
10.5-13.5 
13.5-19.5 
19.5-22.5 
22 5 - 28 5 
2 8 5 - 3 1 5 
31 5 - 3 4 5 
34 5 - 40 5 
40 5 - 42.5 
42.5-43 5 
43 5 - 46 5 
46 5 - 50 7 
50 7 - 52 5 
52 5 - 55 5 
555-61.5 
6 1 5 - 6 7 5 
67.5 - 73.5 
73 5 - 76 5 
76 5 - 79.5 
79.5 - 82.5 
82 5 - 85.5 
85 5-94.5 1 
18,0 
045 
03 0 
Thickness 
4 50 
300 
3 00 
3.00 
6.00 
300 
6 00 
3 00 
3 00 
600 
1 50 
1 50 
3.00 
4.20 
1.80 
3.00 
6 00 
600 
6.00 
3.00 
300 
3.00 
300 
900 
Medjum sand + Stone 
Clay + Kankar 
Clav 
Tubewell No. 26 
94 5 - 100 5 
100 5 - 103 5 
103 5 - 109 5 
Location Mahmood Nagar 
Nature of Strata 
Surface sand 
Medium sand 
Sandy clay 
Clay 
Medium sand 
Sand stone 
Medium sand stone 
Clay 
Fine sand 
Medium sand 
Clay 
Fine sand 
Medium sand 
Hard clay 
Caving clay 
Fine sand 
Fine to medium sand 
Medium sand 
Hard clay 
Clay 
Clay with kankar 
Depth Range 
0 0 0 - 0 4 5 
0 4 5 - 1 0 5 
10 5 - 1 3 5 
13 5 - 1 6 5 
16 5 - 2 5 5 
25 5 - 28 5 
28 5 - 38 1 
38 1 - 40 5 
40 5 - 42 6 
4 2 6 - 5 1 6 
5 1 6 - 5 5 5 
5 5 5 - 5 8 5 
58 5 - 6 1 5 
61 5 - 6 4 5 
64 5 - 67 5 
67 5 - 70 5 
70 5 - 73 5 
7 3 5 - 8 1 9 
8 1 9 - 8 8 5 
88 5 - 94 5 
94 5 - 99 5 
600 
300 
6 00 
Thickness 
4 50 
600 
300 
3 00 
9 00 
300 
960 
2 40 
2 10 
900 
3 90 
3 00 
300 
3 00 
300 
3 00 
300 
8 40 
6 60 
600 
4 50 
Tubcwell No. 
Location 
133 
Singhpur 
Nature of Strata 
Surface clay 
Fine sand yellow 
Fine sand with stone 
Sticky clay and kankar 
Yellow fine sand 
Clay and kankar 
Fine sand 
Medium sand and stone 
Hard sand stone 
Medium sand with sand stone 
Depth Range 
00 00 - 03 50 
03 0 5 - 0 9 15 
09 1 5 - 2 1 3 5 
2 1 3 5 - 2 7 47 
27 4 7 - 3 3 55 
33 55 - 39 65 
39 65 - 45 75 
45 75 - 53 00 
53 0 0 - 5 5 00 
55 0 0 - 9 1 50 
Thickness 
3 05 
6 10 
12 20 
6 12 
6 08 
6 10 
6 10 
7 25 
200 
36 50 
Tubewell No. 
Location 
123 AG 
Nawada 
Lithoiogy 
Top soil 
Sand fine grained 
Sand fine to medium grained 
Clay and kankar 
Sand, medium grained 
Clay and kankar 
Depth Range 
00-03 
03-48 
48-70 
70-114 
114-154 
154-163 
Thickness (m) 
3 00 
45 00 
22 00 
44 00 
40 00 
900 
Tubewell No. 
Location 
144 A4 
NagU Tika 
Lithoiogy 
Top soil 
Clay 
Sand, fine 
I Clay and kankar 
Depth Range 
00-03 
03-06 
06-42 
42-44 
Thickness (m) 
300 
300 
36 00 
200 
Sand, medium 
Clay and kankar 
Sand, fine to medium 
4 4 - 6 9 
69-113 
113-137 
25 00 
44 00 
24 00 
Tubewell No. 
Location 
170 A.G. 
Nagla Ashanand 
Lithology 
Top soil 
Clay 
Sand, fine 
Clay 
Sand fine to medium 
Sand medium 
Clay, sand 
Depth Range 
00-02 
02-05 
05-15 
15-20 
20-35 
35-100 
100-110 
Thickness (m) 
2 00 
300 
10 00 
500 
15 00 
65 00 
10 00 
Tubewell No. 
Location 
96 
Kheria Patii 
Nature of Strata 
Surface clay 
Fine sand 
Fine to medium sand 
Good fine sand 
Fine to medium sand 
Medium sand 
Very fine sand 
Depth Range 
0 - 3 
3 - 1 8 
1 8 - 3 6 
3 6 - 4 8 
4 8 - 5 2 
5 2 - 9 4 
9 4 - 9 8 
Thickness 
3 
15 
18 
12 
4 
42 
4 
Tubewell No. 
Location 
Tubewell No. 
Location 
115 
Pilkhuni 
Nature of Strata 
Surface clay 
Fine sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Depth Range 
0 - 5 
5 - 4 2 
4 2 - 4 8 
48-102 
102-113 
Thickness 
5 
37 
6 
54 
11 
101 
Hamirpur 
Nature of Strata 
Surface clay 
Fine to medium sand yeUow 
Fine to medium sand 
Medium sand 
Fine to medium sand and sand stone 
Depth Range 
0 - 3 
3-12 
12-30 
30-102 
102- 106 
Thickness 
3 
9 
18 
72 
4 
Tubewell No. 
Location 
95 
Uttarua 
Nature of Strata 
Surface clay 
Fine sand 
Fine to medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Depth Range 
0 - 4 
4 - 1 8 
18-32 
3 2 - 4 5 
4 5 - 8 8 
8 8 - 9 8 
Thickness 
4 
14 
14 
13 
43 
10 
Tubewell No. 
Location 
Nature of Strata 
Surface clay 
Fine to medium sand 
Clay and kankar 
Fine sand 
Medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
132 
Hamirpur 
Depth Range 
0 - 6 
6 - 2 4 
2 4 - 4 8 
4 8 - 5 7 
5 7 - 8 9 
8 9 - 9 3 
93 - 104 
104-123 
Thickness 
6 
18 
24 
9 
32 
4 
16 
14 
Tubewell No. 
Location 
72 A.G. 
Bijaur^ 
Lithology 
Top soil 
Sand, fine, yellowish gray 
Sand 
Clay and kankar 
Clay 
Sand, very fine mixed with little clay 
Clay and kankar 
Clay mixed with kankar 
Sand, fine gray in color 
Kankar mixed with gravels 
Clay and kankar 
Sand, fine grayish in color mixed with 
ferroginous modules 
Clay and kankar 
Sand 
Depth Range 
0 00 - 2 74 
2 74 - 28 01 
28 01 - 33 50 
33 50 - 40 99 
40 99 - 42 49 
42 49 - 45 78 
45 78 - 58 49 
58 4 9 - 6 3 18 
63 18-67-48 
67 48 - 69 00 
69 00 - 79 49 
79 49 - 89 49 
89 49-102 99 
102 99-107 50 
Thickness (m) 
2 74 
25 27 
5 49 
7 49 
150 
3 29 
13 00 
4 69 
4 30 
1 52 
10 49 
10 00 
13 50 
451 
APPENDIX-m 
RESULTS OF GRAIN SIZE ANALYSIS OF AQUIFER MATERIAL 
1 Location ManakaNagla Depth 9feet 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.79 
04.94 
09.20 
19.20 
15.18 
39.08 
03.87 
04.74 
02.86 
Weight % 
ReUiined 
00.00 
00.79 
04 95 
09.21 
19.23 
15.20 
39.14 
03.87 
04.75 
02.86 
Cummulative 
Weight % 
Retained 
00.00 
00.79 
05.74 
14.95 
34.18 
49.38 
88.52 
92.39 
97.14 
100.00 
Cummulative 
Weight % 
Passing 
100.00 
9921 
94 26 
85.05 
65.82 
50.62 
11.48 
07.61 
02.86 
00.00 
2. Location Nagar Kanchanpur 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
_ 
Weight 
gm 
00.00 
00.01 
00.07 
00.23 
09.38 
13.25 
48.10 
16.69 
06.15 
Weight % 
Retained 
00.00 
00.01 
00.07 
00.23 
09.46 
13.36 
48.50 
16.83 
06.20 
Depth : 21 feet 
CummuUtive 
Weight % 
Retained 
00.00 
00.01 
00.08 
00.31 
09.77 
23.13 
71.63 
88.46 
_ 94.66 
05.29 1 05.33 | 99 99 
Cummulative 
Weight % 
Passing 
100.00 
99.99 
99.92 
99.69 
90.23 
76.87 
28.37 
11.54 
05.34 
00.01 
3. Location Near Lower Ganga Canal 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00 04 
04.58 
05.90 
15.73 
19.03 
36.28 
05 14 
04.58 
07.80 
Weight % 
Retained 
00.00 
00 04 
04.62 
05.95 
15.88 
19.21 
36.62 
05.19 
04 62 
07 87 
Cummulative 
Weight % 
Retained 
00.00 
00.04 
04.66 
10.61 
26.49 
45.70 
82.32 
87.51 
92.13 
100.00 
Cummulative 
Weight % 
Passing 
100 00 
99 96 
95 34 
89 39 
73 51 
54 30 
17 68 
12 49 
07 87 
00.00 
Location Near Kodar Tal 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.02 
04.74 
04.01 
22.77 
15.02 
32.53 
10.11 
07.31 
02.90 
Weight % 
Retained 
00.00 
00 02 
04 77 
04.03 
22.91 
15.11 
32 72 
10.17 
07.35 
02.92 
Cummulative 
Weight % 
Retained 
00.00 
00 02 
04 79 
08.82 
31.73 
46.84 
79.56 
89.73 
97.08 
100.00 
Cummulative 
Weight % 
Passing 
100 00 
99 98 
95 21 
91 18 
68 27 
53 16 
20 44 
10 27 
02 92 
00 00 
5 Location Sultanpur Depth 26feet 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0 84 
0 71 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
006 
— 
Weight 
gm 
000 
031 
0 58 
0 76 
5 17 
6 86 
52 21 
23 35 
6 17 
3 87 
Weight */Q 
Retained 
00 00 
0031 
00 58 
00 76 
05 20 
0691 
52 59 
23 52 
0621 
03 90 
Cummuiative 
Weight % 
Retained 
00 00 
0031 
00 89 
0165 
06 85 
13 76 
66 35 
89 87 
96 08 
99 98 
Cummuiative 
Weight % 
Passing 
100 00 
99 69 
9911 
98 35 
93 15 
86 24 
33 65 
10 13 
03 92 
00 02 
6 Location Gangpur Depth 21 feet 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0 84 
0 71 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
006 
— 
Weight 
gm 
00 00 
00 07 
00 18 
02 88 
08 55 
19 05 
43 03 
17 39 
06 05 
02 13 
Weight % 
Retained 
00 00 
00 07 
00 18 
02 90 
08 61 
19 18 
43 32 
17 51 
06 09 
02 14 
Cummuiative 
Weight % 
Retained 
00 00 
00 07 
00 25 
03 15 
11 76 
30 94 
74 26 
91 77 
97 86 
100 00 
Cummuiative 
Weight % 
Passing 
100 00 
99 93 
99 75 
96 85 
88 24 
69 06 
25 74 
08 23 
02 14 
00 00 
7. Location Gangpur 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.13 
00.21 
02.93 
07.93 
19.53 
42.06 
18.19 
05.91 
02.38 
Weight % 
Retained 
00.00 
00.13 
00.21 
02.95 
07.99 
19.67 
42.37 
18.32 
05.95 
02.40 
Depth : 35feet 
CummuUtive 
Weight % 
Retained 
00.00 
00.13 
00.34 
03.29 
11.28 
30.95 
73.32 
91.64 
97.59 
99.99 
Cummulative 
Weight % 
Passing 
100.00 
99.87 
99.66 
96.71 
88.72 
69.05 
26.68 
08.36 
02.41 
00.01 
8. Location Mohanpur 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.06 
00.63 
02.19 
18.73 
31.62 
38.38 
03.67 
01.94 
02.08 
Weight % 
Retained 
00.00 
00.06 
00.63 
02.21 
18.86 
31.84 
38.65 
03.70 
01.95 
02.09 
Depth : 50feet 
CummuUtive 
Weight % 
Retained 
00.00 
00.06 
00.69 
02.90 
21.76 
53.60 
92.25 
95.95 
97.90 
99.99 
Cummulative 
Weight */• 
Passing 
100.00 
99.94 
99.31 
97.10 
78.24 
46.40 
07.75 
04.05 
02.10 
— 
RESULTS OF GRAIN SIZE ANALYSIS OF GANGA SAND 
Location River Ganga 
Shahbazpur 
Depth 90 cm 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.03 
00.45 
05.57 
38.41 
26.74 
24.68 
01.33 
01.28 
01.18 
Weight % 
Retained 
00.00 
00.03 
00.45 
05.59 
38.54 
26.83 
24.76 
01.33 
01.28 
01.18 
Cummulative 
Weight % 
Retained 
00.00 
00.03 
00.48 
06.07 
44.61 
71.44 
96.20 
97.53 
98.81 
99.99 
Cummulative 
Weight % 
Passing 
100.00 
99.97 
99.52 
93.93 
55.39 
28.56 
03.80 
02.47 
01.19 
00.01 
2. Location 
Shahbazpur 
River Ganga Depth 30 cm 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.01 
00.07 
00.41 
04.06 
15.42 
65.88 
05.88 
04.49 
03.34 
Weight % 
Retained 
00.00 
00.01 
00.07 
00.41 
04.08 
15.49 
66.17 
05.91 
04.51 
03.35 
Cummulative 
Weight % 
Retained 
00.00 
00.01 
00.08 
00.49 
04.57 
20.06 
86.23 
92.14 
96.65 
100.00 
Cummulative 
Weight % 
Passing 
100.00 
99.99 
99.92 
99.51 
95.43 
79.94 
13.77 
07.86 
03.35 
00.00 
RESULTS OF GRAIN SIZE ANALYSIS OF KALI SAND 
1. Location 
Syampur 
River Kali Depth 90 cm 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
min 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.39 
01.67 
04.66 
06.89 
05.87 
39.96 
22.06 
11.49 
05.97 
Weight % 
Retained 
00.00 
00.39 
01.69 
04.71 
06.96 
05.93 
40.38 
22.29 
11.61 
06.03 
Cummulative 
Weight % 
Retained 
00.00 
00.39 
02.08 
06.79 
13.75 
19.68 
60.06 
82.35 
93.96 
99.99 
Cummulative 
Weight % 
Passing 
100.00 
99.61 
97.61 
93.21 
86.25 
80.32 
39.94 
17.68 
06.04 
00.01 
2. Location 
Shyampur 
River Kali Depth 60 cm 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.35 
00.72 
01.67 
05.78 
07.20 
46.26 
20.45 
11.91 
05.14 
Weight % 
Retained 
00.00 
00.35 
00.72 
01.67 
05.81 
07.23 
46.50 
20.56 
11.97 
05.17 
Cummulative 
Weight % 
Retained 
00.00 
00.35 
01.07 
02.74 
08.55 
15.78 
62.28 
82.84 
94.81 
99.98 
Cummulative 
Weight */• 
Passing 
100.00 
99.65 
%.93 
97.26 
91.45 
84.22 
37.72 
17.16 
05.19 
00.00 
3. Location 
Shyampur 
River Kali Depth 30 cm 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.25 
00.33 
00.71 
03.85 
04.79 
45.04 
26.83 
12.43 
05.15 
Weight % 
Retained 
00.00 
00.25 
00.33 
00.71 
03.87 
04.82 
45.32 
27.00 
12.51 
05.18 
Cummulative 
Weight % 
Retained 
00.00 
00.25 
00.58 
01.29 
05.16 
09.98 
55.30 
82.30 
94.81 
99.99 
Cummulative 
Weight % 
Passing 
100.00 
99.75 
99.42 
98.71 
94.84 
90.02 
44.70 
17.70 
05.19 
00.02 
RESULTS OF GRAIN SIZE ANALYSIS OF GANGA SAND (OLD CHANNEL) 
1. Location Bastarmau Depth : 90 cm 
Mesh. No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
Size in 
mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
— 
Weight 
gm 
00.00 
00.01 
00.53 
01.54 
12.51 
18.63 
47.10 
08.48 
06.28 
04.20 
Weight % 
Retained 
00.00 
00.01 
00.53 
01.55 
12.60 
18.77 
47.44 
08.54 
06.33 
04.23 
Cummulative 
Weight */• 
Retained 
00.00 
00.01 
00.54 
02.09 
14.69 
33.46 
80.90 
89.44 
95.77 
100.00 
Cummulative 
Weight */• 
Passing 
100.00 
99 99 
99.46 
97.91 
85.31 
66.54 
19.10 
10.56 
04.23 
00.00 
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APPENDIX-V 
THE PIEZOMETRIC LEVEL DATA 
S. No. 
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2 
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6 
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Location 
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N. Raghi 
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R.L. 
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171.0 
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167.0 
163.0 
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158.0 
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163.5 
156.0 
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152.0 
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Piezometric 
IcveKm) 
3.30 
7.00 
3.60 
8.00 
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6.90 
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1.50 
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2.10 
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3.60 
7.50 
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Piezometric 
Surface (a.m.s.L) 
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APPENDIX-VIII 
Pumping test data of Pilua (Observations during pumping) 
Time 
(hours) 
0800 
0801 
0802 
0803 
0804 
0805 
0806 
0807 
0808 
0809 
8010 
0812 
0814 
0816 
0818 
0820 
0822 
0824 
0826 
0828 
0830 
0835 
0840 
0845 
0850 
0855 
Time 
(minutes) 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
35 
40 
45 
50 
55 
Pumping water 
level (PWL) 
6.30 
7.20 
7.50 
7.65 
7.78 
7.87 
7.94 
7.99 
8.04 
8.08 
8.12 
8.18 
8.21 
8.25 
8.27 
8.30 
8.32 
8.34 
8.35 
8.36 
8.38 
8.40 
8.45 
8.49 
8.51 
8.53 
Drawdown in 
observation well (m) 
0.00 
0.90 
1.20 
1.25 
1.48 
1.57 
1.64 
1.69 
1.74 
1.78 
1.82 
1.88 
1.91 
1.95 
1.97 
2.00 
2.02 
2.04 
2.05 
2.06 
2.08 
2.10 
2.15 
2.19 
2.21 
2.23 
Time 
(hours) 
900 
0905 
0910 
0915 
0920 
0925 
0930 
0935 
0940 
0950 
1000 
1010 
1020 
1030 
1040 
1050 
1100 
1110 
1120 
1140 
1200 
1220 
1240 
1300 
1320 
1340 
1400 
1420 
1440 
Time 
(minutes) 
60 
65 
70 
75 
80 
85 
90 
95 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
Pumping water 
level (PWL) 
8.53 
8.53 
8.56 
8.57 
8.57 
8.58 
8.60 
8.61 
8.61 
8.61 
8.63 
8.63 
8.66 
8.68 
8.68 
8.69 
8.70 
8.70 
8.72 
8.74 
8.76 
8.78 
8.80 
8.81 
8.81 
8.82 
8.84 
8.84 
8.84 
Drawdown in 
observation well (m) 
2.23 
2.23 
2.26 
2.27 
2.27 
2.28 
2.30 
2.31 
2.31 
2.31 
2.33 
2.33 
2.36 
2.38 
2.38 
2.39 
2.40 
2.40 
2.42 
2.44 
2.46 
2.48 
2.50 
2.51 
2.51 
2.52 
2.54 
2.54 
2.54 
Time 
(hours) 
1530 
1620 
1710 
1800 
1850 
1940 
2030 
2120 
2210 
2300 
0040 
0220 
0400 
0540 
0720 
0900 
Time 
(minutes) 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Pumping water 
level (PWL) 
8.86 
8.86 
8.85 
8.85 
8.87 
8.89 
8.91 
8.91 
8.90 
8.90 
8.90 
8.91 
8.91 
8.91 
8.92 
8 92 
Drawdown in 
observation well (m) 
2.56 
2.56 
2.55 
2.55 
2.57 
2.59 
2.61 
2.61 
2.60 
2.60 
2.60 
2.61 
2.61 
2.61 
2.62 
2.62 
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